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THE PERFORMANCE OF A SIMPLE MOTOR TASK . 
WITH KINAESTHETIC SENSE LOSS 


JUDITH I. LASZLO 
From the University of Western Australia 


lies were carried out, to test the suitability of thi i 
e in the investigation of kinaesthesis in eos Skills. CORE 
In both studies a key tapping task was used. Each experimental group was composed 
of six volunteer subjects. Tt was found that kinaesthetic sensation was eliminated after 
pressure had been applied for 20-25 min., but muscle power was not seriously affected 
at this stage of the block. The results also showed a pronounced performance decrement 
in the absence of kinaesthetic feedback, and that this decrement was not due to emotional 
or other disturbances caused by the experimental procedure. The loss of tactile sensation 


was also observed. 


Two related stuc 
block as a techniqu 


INTRODUCTION 


Skilled performance of a motor task depends to a great ext 
received by the organism, through its various sense organs, as 
the response already initiated. The sense modalities which can P 
monitoring process include exteroceptive and proprioceptive sensations. In the 
former group visual, auditory and tactile feed-backs can be mentioned, while 
kinaesthetic sensation is the relevant representative of the latter group. 

Most authors working in the field of motor skill monitoring mention kinaesthesis 
as an important variable. In a comprehensive review of the relevant literature 
(Adams and Creamer, 1962), Adams points out that the hypothesized role of 
kinaesthesis in motor performance is a regulatory one aiding the organism in dis- 
criminating the correct response from the incorrect one. Tn this way kinaesthesis 


supplements the feedb k provided by the exteroceptive senses. 
There have des sce thetic feedback. Chase et al. 


n of kinaes : 
(1961) placed vibrators on the à erforming à keytapping task. 
Chase says that “We felt that vibrati the arm would distort the decoding 
of the proprioceptive information al nervous system . - ." (p. 154): 
He could not, however, .prove this con tionable how far 


kinaesthetic feedback was, in actual fact, reduced. 
Provins (1958), in à study mainly concerned with the different feedback mech- 


anisms subserving passive and active movement includes the investigation of rate 
decrement in isometric finger oscillation under xylocaine nerve block. The xylocaine 
was injected around the metacarpophalangeal joint. He found a small (6 per cent.), 
but statistically significant, decrease in oscillation rate. In this situation, however, 
only the skin and joint receptors were anaesthetized while muscle and tendon 
Teceptors respo involved in finger oscillation were intact. 


at reductio 


nsible for the movements 1 
I 
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Hence, Provins's work shows a decrement in performance with selectively reduced 
feedback, rather than with a general cut-out of feedback. 
A search for a possible technique for the more nearly complete reduction of 
kinaesthesis led the author to investigate the possibility of using "nerve compression 
locks" (Sinclair and Henshaw, 1951; Sinclair, personal communication, 1963) 


This technique can be described briefly as follows: a sphygmomanometer is applied 
to the upper arm at a pressure exceeding the subject's blood pressure. This way the blood 
supply to the limb distal to the cuff is cut off. The reduced O, supply affects the nerve 
fibres, inducing the typical block syndrome. In these block syndromes various sense 
modalities and muscle power tend to be reduced progressively and are eventually abolished. 
This elimination of the various sense modalities js said to follow a set order. If kinaesthetic 
sensation cuts out at a reasonably carly stage, and if it becomes eliminated before appre- 
ciable motor impairment sets in, the compression block method seems a distinct experi- 
mental possibility in the control of Proprioception in motor skills. 

Nerve compression blocks, to the best knowledge of the author, have not been used 
in the psychological investigations of motor skills as yet. In the two studies here reported, 
the author attempted to test the suitability of the nerve compression block technique 
in the investigation of kinaesthesis in motor skills. As an untried area, it presents many 
questions and problems. The two studies were conducted to answer and clarify these. 
Both could be classified as exploratory work, in the “see what happens” category. 

The questions posed were: 


(1) When does kinaesthetic sensatio 


» is this due to lack of 
; motor impairment, emotional 


su : » and the pressure from 
Position, midway between shoulder and 


r i » and is covered wit] ll aterial, 
e EE Rr skin temperature, When testing is completed, meis i. gradually 
" cu OH. The subject rests his arm for 2-3 min. until the sensation 
tapping, tho ainia m ag Throughout the testing Session, except for the actual 
] and are lying quietly, fingers only moving at the request of 


i ds); (2) moved d . Á s t 
move it up or down, (2) a d A 5 . up or down; (3) subject is asked to 
om the Commencimant Li EX ck, (ned idenfical Movements, It was found that, 
fas tie e Ud ro Sixteenth minute, and from then on at every minute. The 

Subiect b ET Tiormed in random order, and varying the fingers from test to test- 
: Jeet verbally reports when and where he feels touch or t hen he 
1s moving the finger. movement, or w) 
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. Experiment r. Six subjects, all volunteers (five males, one female) were tested 
ee e st (One of the male subjects took part in both Expts. 1 and 2.) At the 
aoe of each experimental session the experimenter outlined the procedure, showed 
he subject the apparatus, and answered questions, if any. Subject was then asked to 
tap on a morse key at his fastest rate, as evenly as possible. The tapping, and a r sec. 
time signal, were recorded by a two-pen incident recorder. Approximately 30-40 taps 
: The compression block was then applied, and sense loss tested. When both 
passive and active kinaesthetic sense became eliminated, the subject was asked to tap in 
the same way as before with the cuff on. Lastly, the subject was asked to clasp the 
experimenter's hand and squeeze it as hard as he was able, still with the cuff on. After 
this the pressure was lowered and the session terminated. 
. Experiment 2. Subjects (six volunteers, five males, one female) tapped on the key 
first with preferred, then with non-preferred, hand for 20 sec. each. Cuffs were then 
applied to both arms. On the non-preferred hand sensory tests were performed once 
only as soon as subject reported the cessation of "'pins-and-needles" (approximately 
6-7 min. after pressure application). Subject was then asked to tap as before with the 
non-preferred hand for 20 sec., and then the pressure was released. The preferred hand 
was treated as in Expt. r, until sensations cut out. 20 sec. tapping and hand-squeezing 


followed. Pressure was released and session ended. 


were given. 


Apparatus 


Two sphygmom 
recording apparatus. 
recorded. Cushion, 


anometers, stethoscope, two stopwatches, morse-key connected to 
On the record strip of the tapping a I sec. time signal was also 


small woollen rug, cotton buds. 


RESULTS 


Sensory loss data from both Experiments r and 2 are treated together. 
TABLE I 

DISAPPEARANCE OF THE SENSATIONS FOR EACH INDIVIDUAL SUBJECT FROM 
THE COMMENCEMENT OF THE Compression BLOCK 


Kinaesthetic (min.) 


Tactile z 
Subject (min.) Passive Active 
' X 17, 22 22 21 
2 20 23 23 
3 18 2I 22 
4 22,24 24? (22 
5 18 22 22 
19 21-23 24 
of 17, 22 2I 21 
7 16 20? 18 
8 20, 22 2 23 
9 22, 24 22, 24 24 
10 21 23 25 
II , 20 " 22? 24 
1T UBI 
Mean 19:2 22 22:4 
c 1:75 I'13 1:88 


S6 took part in both experiments. 
? denotes errors Or uncertainty in verbal report. 


assive kinaesthetic sensation the figures listed above denote 
ation first disappeared. In three subjects tactile sensation 


For tactile and p 
ately x min. and then finally disappeared. In a fourth 


the times when sensat 
reappeared for approxim 
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subject a 5 min. reappearance was observed. For passive kinaesthetic sense, two 
I min. and one 3 min. reappearance of the sensation was recorded. 

Active kinaesthesis, though following the final cut-out time of passive kinaesthesis 
closely in all subjects, is sudden and well-defined. 

A difference in cut-off times on the two occasions of testing for S6 can be observed. 

Muscle impairment was estimated by the hand squeeze. Ten of the subjects 
were able to squeeze the experimenter's hand with appreciable strength. In one 
subject the pressure was very weak, and one subject refused to trv, saying that 
he couldn't “feel” his hand. Both these subjects were able to perform the tapping, 
though at a much reduced rate as compared to pre-cuff records. 


Comparison of tapping performance in normal and compression block condition 
may now be examined. 


Experiment x 


Table II shows a great decrease in the number of taps for each 5 sec. period after 
the loss of kinaesthesis as compared to the pre-cuff performance. Not only was 
tapping slow, but it showed great irregularity in rhythm and in the length of time 


the key was held depressed. 
TABLE II 
EXPERIMENT I 
NUMBER OF Taps FOR EACH SUBJECT IN 5 SEC. INTERVALS 
—————————————e— 


Subject Sr S2 S3 S4 S5 S6 
Condition 
sec. 
0-5 2 19 30 20 28 12 
Precuff 5-10 30 24 29 23 30 
Mean .. T T 27 21:5 29:5 21:5 29 12:5 
0-5 3 7 recording 15 3 2 
Cuff 5-10 7 3 apparatus 17 5 7 
10-15 II -* broke down, 17 = 4 
15-20 —* - S was slowly 15 = 9 
tapping 
Mean .. 3» 7 5 ` 16 4 5:5 
ee 


* Stopped work. 


Another notable point is, that in all but one subject (S2) the second 5 sec. unit 


EN improved score. Further increase in number of taps is observable in Sr 
an 1 


$4, however, shows no irregularity but only decreased speed. During the testing 


of S3, the Morse-key recording apparatus broke down, but S was observed to tap 


slowly. Incidentally, S3 was the one who showed a weak h 
2s and-squeeze response. 
For the other five subjects, hand Squeeze was fairly strong. : E 


Experiment 2 


The results in Table III show that performance does not deteriorate with pressure 
applied to the arm prior to kinaesthetic sense loss. 


ure 
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TABLE III 
EXPERIMENT 2 


PERFORMANCE SCORED IN NUMBER OF TAPS IN 5 SEC. INTERVALS 
E ——————— 


Subjects S6 S S8 Sg Sro Sir 
Seconds 
E 0-5 26 27 27 31 21 27 
& | Precutf 5-10 2 24 22 32 24 25 
= 10-15 22 24 2I 30 23 26 
E 15-20 21 23 18 27 26 2r 
E 
o 
& Total o-20 92 92 88 120 94 99 
S 0-5 24 25 34 28 25 2 
^ | With 5-10 22 22 2 28 27 ba 
cuff 10-15 Zr 2I 2 26 23 2 
15-20 22 19 27 25 25 23 
Total o-20 89 87 II3 107 100 93 
0-5 28 27 30 43 36 29 
Precuff 5-10 28 27 30 31 32 2 
10-15 31 21 29 33 30 28 
15-20 2 24 26 30 2I 30 
E 
3 Total 0-20 114 99 IIS 137 119 114 
t 0-5 o 2 16 IO o o 
S | With 5-10 o 6 20 21 3 o 
g | cuff 10-15 4 7 19 12 4 o 
n 15-20 3 2 21 10 I o 
Total 0-20 7 17 76 53 8 2. 
—PRp —— " —— H——T A UO EAR SS" 


With kinaesthetic and tactile sensation eliminated, i.e. cuff applied for a longer 
period on the arm of the preferred hand, a marked decrease in tapping is observed. 

Here again, as in Table II, all subjects (with the exception of S11) show improve- 
ment over the whole or part of the test period. 


DISCUSSION 


The questions posed in the introduction of this paper can now be answered. 

Firstly, the mode and time of sense loss can be discussed. The most important 
sensation—active kinaesthesis—cut-out after 20 min. or more from compression 
block commencement, in all but one subject (18 min.). The cut-out point was sudden, 
even dramatic. The subject moved his finger without knowing it. He either omitted 
to report movement (although asked to do so) or even complained that he was 
unable to move it, while the finger continued the required movement. When the 
experimenter assured the subject that he was in effect moving the finger, and asked 
him to stop, most subjects “refused to believe it,” and visually checked. The 
experimenter herself, being a subject in the experiment, experienced this phenomenon. 

Passive kinaesthesis was also eliminated after 20 min. or more but disappeared 
more gradually. The subjects became unsure of which finger the experimenter 
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FIGURE 1 
35 


30 


M 
a 


E 
> 


Preferred hand (20 min. 
after cuff application) - - - — 


G 


Non-preferred hand (6-7 min. 
after cuff application) 


Mean number of taps 


10 [E] 20 5 10 15 4, 20 
Time in 5 sec. intervals of testing sessions 
PRE CUFF CUFF 


Tapping performance of six subjects in Experiment 2. 


further. It is 
testing the fingers. While no statistical 
that on the ulnar side tactile sensation 1 


lly occurs earlier th 
ortant in so far as i 


check at this stage was available, it seemed 
oss precedes that of the radial side. Final 
an the kinaesthetic cut-off point. 


T a 
NU cpm rrr 
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loss of muscle power, is perhaps the most crucial one when deciding whether 
compression-block is a useful method in this area or not. If kinaesthetic sense does 
not cut out before muscle power these two factors would be hopelessly confounded. 

Hand squeeze was applied in the present study to clarify this point. This is 
admittedly a crude method, but it proved rather effective. Tapping a Morse-key 
is light work compared with a squeeze of the hand. Moreover, hand-squeezing was 
e tapping task (i.e. Og stores were diminished by the tapping). 
be said that all subjects were able to put normal strength 
But only two were incapable of any force, and both these 
subjects were able to tap. In three cases the subjects reported that they could not 
do it, while the experimenter had to ask them to stop speedily, as her hand was 
squeezed to the point of definite discomfort. 

The main point here is that muscle power is not affected extensively at the 
stage where kinaesthetic sensation is already eliminated. 

At this point of the discussion of total kinaesthetic sense loss versus partial motor 
impairment, the following question presents itself: How can we explain that anoxia 
should affect sensory nerve fibres differently from motor nerve fibres? While the 
subject reports total loss of movement sensation, he is able to perform the movement 
exactly as he was asked to. Both motor and proprioceptive fibres belong to the 
« fibre group which seems to be the type of fibre most sensitive to oxygen lack 
(DeJong, 1958). However, Sunderland (1951) queries the findings relating to 
differential sensitivity to ischemia, on the basis of his review of the relevant experi- 
mentalliterature. Neither does the position of the various fibres give a satisfactory 
explanation. He concludes that, at the present stage of physiological knowledge, 
no satisfactory explanation is available to account for the finding of differential 
sensitivity in compression blocks of sensory and motor Dad . í 

It could be suggested, however, that the difference lies in t e sensory receptors, 
rather than in the differential axon sensitivity. Experimental evidence to that effect 
is available in work performed on the ear (Johnstone, personal communication) 
where, in anoxic condition, the receptor activity is the first to be affected, while 

: ivitv is i i i nly. 
Aarona siiiify de gus eb ue E tie be found in the listed results 


Experimental proof of adequate muscle power can l 1 
as well. It was pointed out earlier that the majority of subjects improved through 


i i i ing decrement 
the testing session. If failure of muscle power were the factor causing 
in abi vedi under compression block condition bee could E beso. In fact, 
the opposite results, i.e. diminishing output, would be expected. | 

It is iens not possible to go any further than speculation on the above 
point. Neither without further experimentation, could any suggestion be made 
to explain the great individual differences in the extent of performance deterioration 
here observed. By use of the compression block method, a way may be opened 


to resolve this question. / ; : 
Turning now to the remaining questions posed previously ; the present experiment 
seems to show that performance of a skilled motor task, provided it does not involve 

great muscular exertion, is possible under compression block. : 
Lastly, it was found that the experimental procedure itself does not interfere 
with performance. Whether emotional upset, or discomfort, could cause the per- 
formance decrement rather than the loss of kinaesthesis was shown to be unlikely. 
rst 5 min. of the pressure application ("pins-and- 


Discomfort is highest in the fi > l n (7j ; 
needles" are experienced by allsubjects). Itis presumed that if the subject is worried 


or even frightened, these reactions would be most pronounced at the beginning of 
the pressure block. As the experiment progresses, the subject has time to realize 


performed after th 
It could by no means 
into the hand-squeezing. 
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that the procedure is not painful, and at the cessation of the initial ‘“pins-and- 
needles" the cuff causes no strange sensation. Performance decrement was absent 
when the subjects were tested at the maximum of emotional upset. Thus, it seems 
that the ensuing decrement in performance on the preferred arm is due to other 
than emotional factors. 

The above studies show that the loss of kinaesthetic sensation impairs the 
performance of key-tapping to a marked degree. This pronounced performance 
decrement gives empirical indication of the importance of kinaesthetic feedback in 
key-tapping skill. To what degree other tasks would be affected, whether practice 
could improve performance, and many other related questions could be answered 
with the help of the compression block technique. 
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VOCALIZATION-AT-PRESENTATION AND IMMEDIATE 
RECALL, WITH VARYING RECALL METHODS 


BY 
D. J. MURRAY* 
From the Cambridge Psychological Laboratory 


In a free recall situation, written recall is superior to spoken recall, and evidence is 
adduced suggesting that this may be partly due to the fact that this method of recall permits 
greater freedom in ordering the material. Evidence is also adduced suggesting that voicing 
the material at presentation gives superior recall because of a facilitatory effect on storage. 
This interpretation is supported by the finding that the advantage of vocalizing is not 
affected by prior knowledge as to whether recall is to be oral or written, and by the 
suggestion that vocalized lists are more resistant to intra-trial interference than non- 
vocalized lists. In addition, two earlier observations were confirmed: first, that the ad- 
vantage of voicing is most marked at fast rates of presentation; and secondly, voicing 
gives rise to a higher proportion of acoustic errors relative to the number of items in- 
correctly attempted. 


INTRODUCTION 


it has been shown that if subjects voiced a 
all of the consonants was superior to that 


obtained if they whispered them; whispered lists were better recalled than mouthed 
lists; and mouthed lists were better recalled than silently read lists. The last result 
only held, however, for lists presented at fast rates (4 letters/sec.). It was also 
found that written recall was superior to spoken recall, for all vocalization-conditions: 
and that there appeared to be little interaction between vocalization-conditions and 


the recall-method. ; : 

Before investigating why vocalization-at-presentation should lead to improved 
recall, however, there „are a number of findings from the work described above 
which require rather more detailed examination. 


(i) It was found that written recall was superior to spoken 
Some explanation of this finding is required. 
(ii) It seems possible that since subjects knew beforehand whether recall was 


to be said or written, this information might cause à “set” to try to memorize voiced 

lists by a particular strategy- To test this, we have compared conditions where 

subjects knew the recall-method before list presentation, with conditions where 

subjects were not told of the recall-met d until after the list presentation. If 

voicing-at-presentation preserved its advantage for recall under both conditions, we 
ct "set" as an xplanation of the earlier results. 


should be inclined to reje! 
(iii) There was an indication that voicéd lists showed their advantage for recall 


over non-voiced lists, particularly at fast pre ntation-rates. We aly AD e 


on this issue. E — 
(iv) An error-analysis revealed that voicing {ppeared significantly-te increase 


i oustic errors to the letters attempted. (By “acoustic errors,” 
oup cm Ap" au Wo "B" gs bi etc.: cf. Conrad, 1964, for more detailed 
discussion.) But other types of error, particularly transpositions and serial order 
intrusions, were not affected by voicing, although their absolute numbers were 
reduced for voiced lists. These results also require further confirmation. 


*Present Address: Department of Psychology, Queen’s University, Kingston, Ontario. 


In previous work (Murray, 1965) 
list of eight consonants, immediate rec: 


(“said”) recall overall. 
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The present experiment was therefore devised to resolve some of the above 
problems. But first, we need to 8o further into question (i). i : 

In the previous experiment, written recall was almost invariably superior to 
said recall, for any given vocalization or presentation-rate condition. This is not 
a result which has always obtained in other memorizing-situations. Koch (1930) 
found, for instance, that in paired-associate learning, spoken responses were more 
quickly learnt than were written Tesponses. However, Mackworth (1962) found 
that written recall was Superior to said recall when the stimulus-material consisted 
of a 3 X 3 square of digits flashed on to a Screen. But it appeared possible that, 
in our earlier experiment, written recall may have been superior to said recall because 
subjects could more easily manipulate recall-order while writing. In particular, it 
might have been easier to write recall in the order last-items-first than to say them 
in this way. Furthermore, it might have been that retroactive inhibition of items 
yet to be recalled was higher for said than for written recall. To test this, we have 


Summarizing the above, therefore, we have tried to investigate the reason for 
written recall’s superiorit , by comparing “free” with “forced” recall (both said 


METHOD 


General overview. A 2 X2X2X2 x4 factorial design was used, each of the 
48 subjects doing equal numbers of trials under all conditions. The task consisted of 


memorizing a list of eight consonants presented visually one letter at a time. The 
variables were as follows: 


(a) Voicing vs. non-voicing (reading) at presentation (V vs. R). 
(b) Said vs. written recall. 
(c) “Free” vs. “forced” recall. 


(4) Information aS to whether recall would be said or written, given either before 
("know before,” KB) or after (KA) the presented list, 


(e) Four rates of presentation: I, 1:33, 2 and 4 letters/sec. 


Details. , In many instances, the Procedure followed was identical to that described 
for the earlier experiment (Murray, 1965). 

Apparatus. The material to be memorized was 
could be moved past the viewing-slit of a. 
memory-drum). "The rate of (continuous) movement of the paper was kept constant 
but, by differential Spacing of the letters on the roll, the Various presentation-rates 
could be achieved. 


Material. Lists of eight consonants (e.g. LVMKTNCS) 
(each consisting of 16 lists) of the earlie i 


rolls: each roll had four lists each at the 


were used. The eight rolls 
T experiment were supplemented by eight new 
Tates I, 1-33, 2 and 4 letters/sec. Subsequently, 
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each roll was cut up into its four groups, and before each experimental session, the four 
groups were stapled together in a new order. This admitted of a complete ordering of 
presentation-rate over the whole experiment. (In the earlier study the rates had only 
been partially ordered over the experiment.) 

The lists themselves were devised by a random procedure from the 16 consonants 
B,C, D: E H, J, K,L,M,N,P,S,T, V,X and Z. On each voll no two lists contained 
the same letter in the same serial position; within each group on the roll, each letter 


appeared exactly twice. 


As each list was presented, the subject either silently read or voiced 


Presentation. 
as described 


aloud the letters as they appeared. The lists varied in presentation-rate, 
above. But in addition: 


(a) Subjects were told on half their trials before each list whether to “say” or write 
their recall, and on the remaining trials were told after the list whether to say or 
write their recall. The information was presented via a small illuminated sign 


situated just above the viewing-slit (see procedure below). 


(b) Subjects were informed of any change to a new presentation-rate, i.e. after every 
fourth list. (They had not been informed of this change in the earlier experi- 


ment.) 

Recall. Written recall was given on slips of paper interleaved with carbon paper. 
Although a stylus was used, subjects could see what had been written fairly easily. 
“Said” recall was tape-recorded normally. Instructions for ‘‘free’”’ or ‘‘forced’’ recall were 
given verbally. 

Procedure. Written instructions and practice on each condition were first given. 
The four rolls of that session (see design below) were then run through. On later sessions, 
the new free/forced and KB/KA conditions were explained verbally to the subject, and 
a few ice-tri iven. - 3 ; 

The device end eco the recall-instructions may now be described in more detail. 
In front of the experimenter was à switchboard connected to a recall-sign box, in n 
à way that, by pre-setting one switch to "KB" and another switch to “say an : ^e: il 
the experimenter could turn on a main switch so that: (a) the machine would s i 
(b) the appropriate "say" or “write” sign would be illuminated simultaneously, an 
(c) after about 0-75 sec., the light would go out silently and antomatigly By this 
time the list would just be about to appear and the subject would know whether to 
say or write his recall. a x : 

For KA lists, the switch was set to “know after”; in this case the recall-sign would 
only come on simultaneously with the turning-off of the main switch. A it mom 
automatically go out after 0°75 sec. With the “know after” pre-setting, no light wou. 
come on when the machine started; with the “know before" pre-setting, no light would 


come the machine was stopped. 1 ; " M 
t p ad of his final session, the subject filled in a written "introspection" ques- 

tionnaire. ' 
Subjects. Subjects were 48 young adults (mainly from Cambridge University), 


33 male and 15 female. 
s rather complex, but may be 


i design of the whole experiment wa: 1 : 
EE P Eier: each of the 48 subjects came for four sessions (lasting about 


i ion was devoted to four rolls under one of the four conditions 
DM Kk E or and KA/forced. Then within each session two rolls were 
voiced and two perceived silently; each roll contained 16 lists, four at each presentation- 
rate; and eight of the lists were recalled by saying, and eight by writing. The “said” 
and “written” recalls were intermingled over each session to preclude subjects’ predicting 
how the new list would be recalled, but were also arranged so that equal numbers of said 
and written recall occurred for each presentation-rate and vocalization-condition. k 

Finally, the following were fully ordered over the whole experiment: the four session- 
conditions (i.e. the KB/KA and free/forced factors); V and R; the rates. As “say” and 
“write” were fully balanced over the other conditions within each session, we may consider 

füciently balanced across the other variables. 


the recall-methods also to be su 
riment the number of letters correct in their original 


Scoring. As in the earlier expe UE T per 
positions was taken as the main index of recall Also scored were omissions (for ‘free’ 
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recall only), transpositions, acoustic errors, serial order intrusions, and remainder errors. 
Detailed definitions of these error-classifications are given in the account of the earlier 
experiment. 

RESULTS 


The results will be described under three headings: general results for letters 
correct; error-analysis; and serial position effects in “forced” recall. 


(i) General results for letters correct 


57:14 per cent. correct recall was obtained overall (in the earlier study it was 
57:125 per cent). Figure r shows the overall recall obtained under all conditions. 
It can be seen that recall of voiced lists (V) was always higher than the recall of 


FIGURE 1 


Know before, free 


Know before, forced 


Mean number of letters correctly recalled 
per group of 4 lists (maximum — 32) 


1 r33 2 4 | 133 2 


Know after, free 


Mean number of letters correctly recalled 
per group of 4 lists (maximum = 32) 


!T3 2 4 


Letters/sec. Letters/sec. 


Mean number of letters correctly rec A, c LA 
present experiment. y recalled as a function of the conditions of the 


unvoiced lists (R), at comparable pointson the ; i 

" graphs; that forced recall was uniformly 
lower than free recall; that there was relatively little difference between KB and KA; 
was lower for fast than for slow lists; and that in general 


—— 
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written recall was superior to said recall, with the exception of the KA-forced curves. 
Table I shows extracted means for the say/write variable: the difference between 
total said and written recall is nearly twice as high on free recall as it is on forced 
recall. This is reflected in Figure 1 by the fact that the various "said" and written 
curves on the right-hand graphs (forced recall appear to be on the whole closer 
together than the comparable curves on the left-hand graphs (free recall). 


TABLE I 
EXTRACTED MEANS FOR SAID VERSUS WRITTEN RECALL 


Free recall Forced recall 


KB | KA 
R v R | R v R v | Mean 
Süd . ae | sexa | a7 | 9% iy34 | 1893 | r496 | 1830 | 16588 
Written... L| 1917 2180 18-09 2r 1002 2032 1527 1878 17:59 
LE ET 3796 3°85 29 o2 412 r2 r19 2-68 
Pe oe 1. <¢-o001 | <o:oo0r | «oor ns. «o'ooor ns. ns, «oor 


Data show mean no. of letters recalled per subject per group of four lists (maximum = 32). On free recall 


: -said) = 1:34; on forced recall (wri en-said) = 0°71. 5 N 
RB Se eno of recall nope ‘before; KA = known after; R = read silently; V = voiced. 


An analysis of variance was performed on the main results. Table II shows 
the F ratios obtained for the main factors: significant F-values were found for the 
factors R/V, free/forced, and subjects, with the say/write factor falling just short 
of significance at the 0:05 level. Interactions are not shown, as none was found to be 
significant ; however, the highest F-value obtained for any interaction was that between 


vocalization and presentation-rate (F = 0:64). It is surprising that the say/write 
value failed to be significant; Table I, however, also shows the results of signs-tests 
performed on the said vs. written scores. With the important qualification that 
the results of such tests, applied independently of the general analysis, fail to take 
account of the various interactions, it appears that, with the exception of KP-V, 
forcing recall reduced the difference between said and written recall (as was predicted). 


The interaction say/write X free/forced gave F = 0°44, again one of the higher 
interactions obtained. 


TABLE II 
F-VaLUES FOR ANALYSES OF VARIANCE ON LETTERS CORRECT AND ERRORS 


Varone ron Avacvens oF VR eee 


| Errors (per cent. incorrectly attempted) 


Errors (raw scores) 

Variables | o T | 4E sor | Rem | T AE Sor | Rem. 

: 2 i "16 03 *94 0:04 032 oor 

Ka, KB ao t| uie zie iie orbe | zzoe | yt sus. | eo 
Ry ommo c] exem Bas | 313 poos | 684 To E 
ONERE NECEM E CAN 

j rs 
Subjects (48) a Lese r9o***| r94***| ro3 0°63 ne 0-009 024 
oor,  **p «oor — *p«oos. tp just > 0-05. 
sspolitions yi - acoustic errors; SÓI = serial order intrusions; Rem, = remainder errors. 


O = omissions; T = transpositions; 


It may also appear surprising that the rate factor gave an insignificant variance- 
ratio. This was confirmed, however, by an application of Jonckheere's test over the 
rates for the whole experiment (S = 32, p = 007). 


Previously it was found that the difference between V's advantage for recall 


over R for fast rates and that for slow rates was only significant for said and written 
recall combined. To check this in the present study, we found (V4-R4) and (Vr-Rr) 
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for the various recall-methods. The prediction was that, if it were true that voicing 
showed its advantage most at fast rates, comparisons between these measures should 
be significant at least for a majority of the comparisons. The results of signs-tests 
on (V4-R4) vs. (Vi-Ri) are shown in Table III. It appears that voicing 
significantly showed its advantage most at fast rates, for one-third of the comparisons. 
Nevertheless, the signs of the difference all showed (V4-R4) to be greater than (Vr-Rr). 


TABLE III 
(V4-R4) versus (Vi-R1)—Resutts or SIGNS-TESTS 


KB-Free K B-Forced KA-Free KA-Forced 
Say .. e T p < 003 o-or n.s. 0:06 
Write ee T $5 0'12 n.s. O*OOI 0:16 
Combined T X O'OI 0:06 0:03 O12 


a Áo oe Meu e 


Finally, we originally wished to know whether or not a facilitatory “set” to recall 
voiced lists by a particular method was operating. A very low F (0-02) was obtained 
for the interaction between vocalization and say/write. A more detailed examination 
of the degree by which V exceeded R for said as opposed to written recall showed 
that for none of the KA/KB or free/forced conditions was V's superiority over R 
significantly greater on said as opposed to written recall. (The test consisted of 
finding the percentage by which V exceeded R on each recall condition for each 
subject, and applying signs-tests to these percentages.) 

The KA-forced curves, which appeared somewhat anomalous, are discussed later. 
(ii) Error analysis 

Two types of data will be discussed. (a) the raw frequencies of each type of 
error, and (6) the distributions of errors represented as percentages of the number of 
letters incorrectly attempted, i.e. no. of a particular type x roo [ possible correct, 
minus actually correct, minus omissions. 

Table IV shows both the absolute figures and the error-distributions as percentages 
of total errors. For the latter, the corresponding data of the earlier experiment are 
also presented for ease of comparison. It may be seen that the proportions of each 
error-type are remarkably similar in both experiments. Also shown are the proportions 
which each error-type formed of the total possible in the present experiment: the 
remaining 57-14 per cent. of the total possible is accounted for by correct recalls. 


TABLE IV 
Ennon-DISTRIBUTIONS 


Trans- Acoustic 
Omissions | position errors SOI's |Remainder 

Percentage of total possible: 

Free i 7:48 12:83 667 | 287 9:69 

Forced — 17:88 8:99 4°03 14°75 
Percentage of total errors: 

Present experiment a 17:46 35:82 18:27 8-05 20:4 

Previous experiment ..| 24:5 30:7 15:7 78 21:3 


-a 
————— ad 
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For reasons of space, detailed tables of error-breakdowns under each condition 
are not given. However, analyses of variance were also performed on the tables 
of results for each error-type, and the results for the four main error-types are shown 
in Table II. Again, no interactions were significant, and therefore they are not shown. 
Remembering that these analyses will not be strictly independent of each other, 
we may summarize the results as showing that the absolute number of all error-types 
varied with the free/forced conditions (as might be expected, with no omissions 
allowed in forced recall); and that some errors varied with R/V, but not acoustic 
errors. Of the scores expressed as percentages, acoustic errors were nearly significantly 
higher on V as opposed to R. These results for acoustic errors confirm the results 


of the earlier experiment. 


(iii) Serial position analysis 

Figure 2 shows the percentage correctly recalled on each position 1...8 on 
"forced recall only. The results over rates and KB/KA conditions are pooled in 
this graph. The original prediction was that, if saying ee n C 
than did writing, there should be a greater difference between said and written 
recall at the later positions of the list than at the early positions of the list. On 


neither R nor V is that prediction borne out with any conviction. 
FIGURE 2 


Per cent. correctly recalled 


D 2 a - 
Serial position 


Serial position effects in forced recall as a function of vocalization and recall 


method, 
y i red i tage over R 
However, it is also clear from Figure 2 that V showed its advant 
Particularly on the later positions recalled. This was not a finding which had been 
Predicted. Tts importance is discussed below. 
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An analysis of serial-position effects for the various rates showed that there 
appeared to be no differential effects of rate on the serial-position curve: all four 
presentation-rate curves showed the same pattern as those of Figure 2 (a steep 
fall-off over serial position with upward rises on positions 4 and 8), the curves in 
general being close together and “parallel.” 


Summary of results. The main results may be summarized as follows: 


(xi) V gave significantly superior recall to R: its superiority did not vary with 
whether recall was said or written: but its superiority was rather more 
marked at fast rates of presentation than at slow. 


(2) Written recall was significantly superior to said recall, on “free” recall; on 
"forced" recall it was only superior on KB-V. 


(3) "Free" recall was overall significantly superior to “forced” recall. 


(4) Knowledge of recall-method prior to list-presentation gave significantly 
superior recall to post-list knowledge of the recall method. 


(5) The results of the error-analysis on the whole confirmed those of the earlier 
study: in particular, voicing increased the proportion of acoustic errors 
relative to other error-types, though not their absolute frequency. 

(6) In the serial-position analysis, the curves for “said” and written recall did 
not diverge at the end of the list to the extent predicted; but the curves 
for V and R did diverge unduly at the end of the list. 


Discussion 


We may discuss the above results under the headings given in the introduction. 
(i) By “forcing” recall we appear to have reduced by half the advantage of 
"written" over "said" recall. This suggests that one reason for written recall's 
superiority over said recall was that it was easier to manipulate written recall during 


free recall. However, the prediction that written recall should also produce less 
intra-recall interference was not very well supported. 


(ii) The fact that V showed considerable advantage over R both under conditions 
of pre-list and post-list knowledge of recall-method suggests that V's advantage was 
not due to a set on the part of the subject to recall by saying or writing particularly. 
This was further supported by the finding that V's proportional advantage over R 
was about equal on said and written recall. Again, this suggests that the advantage 


for recall of vocalized lists lay in their being somehow more efficiently stored than 
non-vocalized lists, 


at Presentation, and also with the 
was reduced. It is unlikely that 
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lists decayed less rapidly than did non-voiced lists. It is difficult to decide on the 
present evidence whether a decay-explanation or an interference-explanation is the 
more valid. But it might be noted that on the decay-hypothesis we should have 
expected the first items of fast lists to have decayed less than the first items of slow 
lists: in fact, no differential effect of presentation-rate on the serial-position curves 
was found. Possibly intra-list rehearsal effectively counteracted the decay on slow 
lists: and we may remind the reader that V's advantage over R was less marked 
on slow than on fast lists, in both experiments, a finding consistent with the rehearsal 
hypothesis. V may also have provided an auditory memory-image for the later 
items in the list (Mackworth, 1964). 


(ii) The present experiment essentially confirmed the finding of the earlier 
experiment (and also the work of Von Sybel, 1909) that voiced lists showed most 
advantage for recall at fast presentation-rates. However, it is clear from Table III 
that the difference is not statistically very reliable. Further discussion of the 
theoretical importance of this issue will be found in the account of the earlier 
experiment. 


(iv) We now have two experiments in which we have found that the proportions 
of the various error-types to total incorrectly attempted letters were not affected 
by voicing-at-presentation, with the exceptions of the acoustic errors and the 
remainder errors. The proportion of the former increased with voicing ; the proportion 
of the latter decreased with voicing. However, in our experiments the acoustic 
errors have only accounted for about 8 per cent. of the total possible recalled (15 per 
cent. of total errors). Omissions, transpositions, and remainder errors each account 
for more, and their overall reduction in absolute number with voicing appears to 
counteract the slight increase in acoustic errors found on voiced lists, in so far as 
iut (ergs om storage, as we have suggested, these other errors may 
not so much occur during storage as during recall (see Conrad, 1964, for an argument 
that acoustic errors represent decaying traces). In order to support this claim, we 


shall briefly report a finding on serial order intrusions. In the earlier experiment 


we suggested that these might occur if a subject is subjectively distracted during 


memorization or recall. 


In the earlier experiment, subjects were not warned of a change in presentation- 


rate after every fourth list. In the present experiment, dete: E vn 
It might therefore be predicted, on the above argument, that 1 e rate v g 

unexpectedly to a distinctively slower or faster rate, we might expect more eai i 
intrusions between the two adjacent lists presented at different speeds. In the earlier 
uencies of 58, 35 and 55 serial order intrusions occurred between 


experiment, freq cer 
i d between I and 1°33, 1:33 and 2, and 2 and 4 etters/sec., 
dd echo , the equivalent frequencies were rro, 96, 


i resent experiment : 
E poa oe four m as many lists in the present experiment, only 
twice as many serial order intrusions of this kind occurred; and for that change of 
rate which appeared subjectively least surprising, 1.e. between the two medium rates, 
there was a lesser difference relative to the other changes, in the present experiment 
as opposed to the earlier work (96: rro or 109, as opposed to 38: 58 or 55). This 
comparative reduction in frequency of serial order intrusions of this kind, in the 


Present work, suggests that the surprise-factor, reduced in this experiment, was 
rendered less operative in determining serial order intrusions. 


Three other features of the present study may also be noted. 
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(v) The curves for KA-forced (Fig. 1) differed. from most of the other curves 
in so far as, for both voiced and unvoiced lists, said recall was superior to written 
recall at the fastest rate (4 letters/sec.). This may have been due to subjects having 
little opportunity to manipulate written recall in the KA-forced condition. 

(vi) The rise in recall on position 4 of the serial position curves was probably 
due to the adoption by subjects of a grouping technique during memorization, in 
which they divided the list into two groups of 4 letters (see also Pollack, Johnson, 
and Knaff, 1959, Expt. III). 

(vii) The failure to obtain a significant effect of presentation-rate in the present 
study may have been related to the possibility 
the difference due to presentation-rate ( 
many cases almost horizontal). 


In conclusion, then, some of the main results of earlier work have been confirmed; 
we now have some evidence suggesting that written recall was superior to said recall 
partly because it allowed more freedom of manipulation of recall-order; and it 
appears that voicing exerts its effect essentially upon storage, in so far as a “set” 
to recall by said or written recall did not appear to determine voicing's advantage 
over non-voicing. Moreover, voiced lists also appeared to be more resistant to 
interference than did non-voiced lists. It is also suggested that acoustic errors seemed 
to be more determined by storage-factors than were other error-types. 


that forcing recall appeared to reduce 
cf. Fig. 1: the "forced" recall curves are in 
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THE ROLE OF ATTENTION IN THE DISINHIBITION 
OF DISPLACEMENT ACTIVITIES 


BY 


D. J. McFARLAND 
From the Department of Psychology, University of Durham 


A mechanism for the disinhibition of displacement activities is proposed, by which 
à factor arising from non-reward causes attention to be switched to irrelevant aspects 
of the stimulus situation. In addition to evidence already extant, three lines of evidence 
are presented for the case of displacement pecking in the Barbary dove: (1) partially 
rewarded doves learn more about incidental aspects of a discrimination situation than 
consistently rewarded doves; (2) partially rewarded doves respond more readily to 
irrelevant stimuli than consistently rewarded doves; (3) doves which take longest to 
extinguish a simple approach response, also spend most time displacement pecking. 


INTRODUCTION 


The detailed causal analysis of displacement activities in recent years has brought 
into focus the importance of competition between different activities. The historical 
background to this development has been admirably reviewed by Zeigler (1964) and 
need not be discussed here, except to say that a displacement activity is an activity 
which belongs to a motivational system other than those prominently activated. 

Andrew (1936) suggested that displacement grooming in buntings is controlled 
directly by the peripheral stimuli which normally elicit the behaviour, and indirectly 
by the strength of other activities, incompatible with grooming. He showed that 
grooming is easily suppressed by other activities and postulated that the peripheral 
stimuli were continually present. In conflict situations, when neither of the primary 
competing activities can be fully expressed, the suppression of grooming is sufficiently 
reduced to allow "displacement" grooming to occur. This "disinhibition" theory of 
displacement was stated more explicitly by van Iersel and Bol (1958), who postulated 
that equilibrium between two conflicting "drives" lowered their power to inhibit a 
third “drive,” which could then be expressed as overt behaviour. The work of 


and of Rowell (1961) reinforces the disinhibition hypothesis by 


S 
e eee RUE This evidence may be summarized 


confirming the evidence upon which it is based. 

as follows: 

(x) In conflict situations, displacement activities tend to occur when the con- 
flicting activities are near equilibrium, so that neither can occur. 

(2) Displacement activities can be influenced both quantitatively and quali- 
tatively by external factors which normally influence these activities. 

(3) Displacement activities are usually prepotent in the animal’s repertoire in 
the sense that they are generally common activities, such as grooming and 
feeding, or are seasonally attuned to the animal’s motivational state, such 
as reproductive activities (Bindra, 1959). 


Although the disinhibition hypothesis seems satisfactory as a general explanation 
for the occurrence of displacement activities, there are still a number of questions 


to be answered. ; 
Reviewers of field studies (e.g. Tinbergen, 1952; Bastock, Morris and Moynihan, 


1953) have noted that displacement activities tend to occur in three types of situation: 
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(1i) physical thwarting of appetitive behaviour, (2) thwarting of consummatory 
behaviour by removal of the objective, (3) simultaneous activation of incompatible 
behaviour patterns. These observations have, to some extent, been confirmed in 
the laboratory (McFarland, 1965). The disinhibition theorists to date envisage 
a mechanism for disinhibition based on a reciprocal inhibition between two 
"behavioural systems" (Sevenster, 1961). However, displacement activities have 
been shown to occur in two of the tvpes of situation mentioned above, in which 
it is difficult to see how there could be conflict between two behavioural systems, 
since there would seem to be only one major motivational system involved. There 
may, of course, be weak “secondary drives” induced by frustration, but to invoke 
these introduces a different type of theory from the disinhibition theory, which 
requires two systems of equivalent strength to be simultaneously active. 

Another difficulty arises from the use of blanket terms such as “drive” and 
“tendency.” Precisely what is inhibited and disinhibited? This question cannot 
be answered until the mechanism of disinhibition has been worked out. The aim 
of this paper is to contribute to this task. 


A possible mechanism of disinhibition 


Activities are said to be incompatible when they cannot occur simultaneously. 
Sherrington (1906) pointed out that activities which share motor components cannot 
occur simultaneously, and must therefore compete for control of the motor mechanism. 
He introduced the principle of reciprocal inhibition as a vehicle for such response 
competition. Extension of this principle to all types of competing activity would 
mean that there must be multiple reciprocal inhibition between all the potential 
activities that are capable of being expressed in any particular situation. In such 
a case only the activity with the strongest potential would gain control of the motor 
mechanism and could be observed. However, the disinhibition hypothesis implies 
that a displacement activity is not an activity which has the strongest potential 
at the time of observation, but an activity which occurs when other activities with 
stronger potentials are blocked. The question is, how does this blockage allow an 
inferior potential activity to become overt? One possibility emerges on consideration 
of stimulus competition as an alternative or additional mechanism producing incom- 
patability. If an animal paid attention to only a few aspects of the stimulus situation 
within any one time period, the number of activities which could be “released” 
during that time, would be limited. Clearly, the extent to which the animal switches 
attention from one stimulus to another must play a large part in determining which 
of the potential activities becomes dominant. It is here suggested that, when am 
ongoing activity is blocked, attention is switched to stimuli other than those eliciting the 
ongoing activity. An activity can be blocked in any of the three ways mentioned 
above, and displacement occurs in all three situations by being disinhibited via a 
switch of attention. 

Evidence for the existence of an attention mechanism in animals comes from 
a number of different types of study. There is a considerable body of work which 
indicates that humans have a limited capacity to handle the information provided 
by their sense organs, and that there is a central selecting mechanism, which allows 
some of this information to be utilised in determining behaviour, and excludes the 
rest. Much of this evidence, which has been reviewed by Broadbent (1958), comes 
from experiments concerned with the subject's ability to handle information presented 
simultaneously to different ears, or to ear and eye. Physiological evidence for central 
control of sensory inflow to the brain has implicated the reticular activating system 
(Hernandez-Peon, 1961) and a number of physiological manifestations of the attentive 


^ emm 


bI 
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process have been claimed. There is, however, little agreement, amongst physiolo- 
lved. Considerable evidence for attention-like 


gists, as to the mechanisms invo 
Is, and this work is directly relevant 


processes comes from behavioural work on anima 
to the present argument. 


When an animal is required to discriminate between two stimuli in order to obtain 
a reward, there are often a number of cues, such as shape, size, brightness, etc., 
which it can utilise. Bruner, Matter and Papanek (1955) showed that the more 
rats were trained with only one cue relevant to the solution of a discrimination, 
the less they learned about a second cue, which was additionally present during the 
latter part of training. A number of workers (e.g. Lawrence, 1950; Pubols, 1950; 
Mackintosh, 1962) have shown that the more training given on a certain discrimina- 
tion, the more easily animals learn to reverse that discrimination. Sutherland (1959) 
pointed out that such apparently paradoxical results can be explained on the 
assumption that discrimination learning is a two-stage process. He suggested that 
animals learn (1) which analysing mechanism to switch in (which type of cue to 
attend to), and (2) which response to attach to the output of the relevant analyser. 
Reward increases the probability that the analyser used on that trial will be used 
in the future. Thus the more an animal is trained with a particular cue relevant, 


the more firmly will the corresponding analyser become established for use in that 
situation. Overtrained animals will, therefore, have the relevant analyser more 
firmly established than non-overtrained animals, and will consequently be better 
equipped for reversal This theory implies that non-overtrained animals will have 
a greater tendency to attend to incidental cues during reversal, and Mackintosh 


(1963) has shown that this is in fact the case. Sutherland (1964) extended this 
implication to predict that partially rewarded (PR) animals learn about a greater 
number of incidental cues than consistently rewarded (CR) animals. During 


extinction each animal has to extinguish the response to all the analysers estab- 
re analysers switched in should take 


lished during training. Thus those with mo i 
longer to extinguish. In this way Sutherland is able to explain the well known, 
but ill explained, fact that PR animals take longer to extinguish than CR animals. 
When animals are reversed in a discrimination experiment, they continue to 
respond to the stimulus which was previously correct and consequently are frequently 
non-rewarded. Mackintosh showed that, when irrelevant cues were present during 
reversal, the relearning of non-overtrained rats was retarded much more than that 
of overtrained rats. However, it made little difference whether or not irrelevant 
cues were additionally present prior to reversal. According to Sutherland's theory, 
i n non-overtrained rats is due to the relevant 


the greater effect of irrelevant cues 0 : 
But it is clear from Mackintosh's experiment 


analyser being less well established. 
shen irrelevant cues are present during reversal. 


that this only becomes important w i 
Is it possible that, as a result of being non-rewarded during reversal, animals switch 
attention to irrelevant cues, unless they already have an analyser very firmly estab- 


lished? Similarly, if PR animals learn more about incidental cues, is it possible 
that non-reward is again responsible? Non-reward of this type corresponds to one 
of the three “blocking” situations in which displacement activities have been shown 
to occur. Thus it is possible that the mechanism which operates in the displacement 


situation also lies behind Sutherland’s theory. 


EXPERIMENT I 


This experiment was designed to determine whether PR animals do in fact learn 
more about incidental cues than CR animals. 
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Method 

The subjects were sixteen experimentally naive adult Barbary doves (Streptopelia 
risoria), which had been bred in the colony at the Institute of Experimental Psychology, 
Oxford. 

The doves were trained and tested in a discrimination box, in which the starting box 
measured 16 x 20 cm. and was fitted with a transparent perspex detention door. This 
door opened at the apex of a triangular-shaped chamber, the base of which was formed 
by two 20 x 20 cm. doors, hinged at the top and separated by a vertical partition pro- 
jecting 8 cm. towards the starting box. The apparatus was painted grey throughout the 
inside. The discriminanda were cut from black or white }-in. perspex sheet, and were 
fastened, one to each of the two doors opposite the starting box. 

A dove was released from the starting box at the beginning of each trial and was 
kept in the apparatus until it made a choice. The criterion of choice was met when the 
bird placed both feet across the line running parallel to the stimulus doors and flush 
with the end of the partition. At each choice the corresponding door was opened by 
the experimenter, revealing a food dish which was either filled with grain (+) or was 
empty (—). In both cases the bird was allowed 10 sec. access to the food dish before 
being removed from the apparatus. After each day's testing, the doves were allowed 
2 min. access to food in the home cage, after which food was withheld until the next 
day. Water was always available in the home cages. 


Pretraining 

On the first day of the experiment each bird was left in the apparatus for 2 hr. with 
access to both food dishes, but with no stimuli on the doors. On the second day he was 
given five trials under the same conditions. On the third day the itment was the 
same except that the doors were closed at the outset of each trial. Training proper was 
begun on the fourth day. 


Training 

The birds received ten trials per day for the rest of the experiment. They were 
trained, first, to discriminate between black and white 7 cm. squares. For half of them 
only black choices were rewarded, for the other half, white. Half of those choosing each 
stimulus were rewarded for every correct choice (CR group), while the other half were 
rewarded for only 50 per cent. of their correct choices (PR group). The position of the 
positive and negative stimuli and the order of the rewarded trials was varied according 
to selected Gellermann orders. As each bird reached a criterion of cight correct choices 
on three successive days, it was transferred to the second problem. 

With respect to brightness and to reinforcement schedule, the second problem was 
the same as the first, but the stimuli were changed to 4 x r2 cm. rectangles, so that the 
problem could also be solved in terms of orientation. For two birds in each subgroup, 
horizontal was positive; for the other two, vertical was positive. Each subject was given 
60 trials on this problem. ý 


Testing 

The subjects were tested to determine (1) what had been learned about orientation, 
and (2) the resistance to extinction. Each bird received 20 non-rewarded transfer tests, 
each transfer test alternating with a retraining trial on the second problem (rectangles). 
During the transfer tests the discriminanda were either white horizontal versus white 
vertical, or black horizontal versus black vertical. The transfer tests were followed by 
20 further retraining trials and then by 20 extinction trials, also using the rectangular 
stimuli. During the extinction trials the time taken to make a choice was measured 
with a stopwatch. 


Results 

At the end of the first phase of the experiment, the PR group had taken a mean 
of 90:8 trials to reach criterion and the CR group averaged 87:5 trials. On the last 
day of phase one, the PR group obtained an average of 8-7 correct choices and the 
CR group averaged 8:8 correct choices. These results show that the learning speed 
of the two groups was equivalent during the first phase of the experiment. 


-— A n 
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The results of the transfer tests are presented in two ways. Firstly, the absolute 
number of correct choices made by the PR group is compared with that made by 
the CR group. Thus the former obtained a mean score of 15:0 out of 20, while the 
latter obtained only 10-4 out of 20 trials. By the Mann-Whitney U test (one-tailed) 
U = 4:5, p < 07005 (two of the PR scores were discounted because the birds refused 
to choose). A more sensitive test is obtained by subtracting the score obtained by 
each bird on the transfer trials from that obtained during the alternating retraining 
trials. The mean difference for the PR group was 2:0, while that for the CR group 
was 8:75 (Mann-Whitney U = r5, p= ooor) Clearly the PR group did much 
better on the transfer tests than the CR group. Thus the prediction made by 
Sutherland (1964) is confirmed. In order to determine whether Sutherland's theory 

tion could also be supported, the birds were tested 


about the effect of PR on extinc 
to determine whether they had received sufficient PR to affect extinction. Over the 
first 10 extinction trials there was little difference in choice time between the PR 


and CR groups, but over the last 10 trials the mean score for the CR group was 
46:8 sec., while that for the PR group was only 12:2 sec. (Mann-Whitney U — o, 
p <0-001). Clearly, the CR group were extinguishing faster than the PR group. 
Now if Sutherland's theory is correct, those subjects, within each group, which 
learn most about the incidental cue, should also show the greatest resistance to 
extinction. Ranking the subjects within each group by (1) the magnitude of the 
difference between the scores on the transfer and retraining trials, and (2) the mean 
choice time over the last 10 extinction trials, the Kendall Rank correlation test 
indicated that there was no significant association between the two variables for the 


PR group (S = 5,? = 0:023), but for the CR group there was a significant association 
(S =15, p < 0015). The failure to find any 


correlation within the PR group may 

well be due to the fact that they had not yet begun to extinguish. Thus the mean 

time difference between the first 10 and the last ro extinction trials was 34:0 sec 
for the CR group: and only 2:7 sec. for the PR group. We 

It is concluded that the prediction that PR animals learn more about incidental 

cues is confirmed by this experiment, but that the question of extinction requires 


further investigation. 


EXPERIMENT 2 


w that partially rewarded Barbary doves learn 
e test situation than do consistently rewarded 


animals. Sutherland (1965) has obtained similar results from rats. The implication 
is that PR animals are more likely to attend to incidental stimuli on any particular 
trial. If this is so, then PR animals should also be more likely to respond to stimuli 
newly introduced into the test situation. This prediction is tested in this expeiment. 


The results of Experiment 1 sho 
more about incidental aspects of th 


Method 

Fifteen experimentally 
socially at controlled temp 
16 hr. dark). 


naive adult Barbary doves were used. They were caged 
erature (609-70? F.) and artificial daylength (8 hr. light: 


Pretraining 
During pretraining the bir 
available only in the testing a 


ds were deprived of water in the home cage. Water was 
pparatus, which consisted of a 6o x 18 x 18 in. enclosed 
runway, painted black inside. They entered the runway from a starting box at one end, 
and were trained to run to the other end, where they were allowed to drink their fill. 


Each bird was given one pretraining trial per day for 1o days. 
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Training 

At the end of pretraining the doves were divided into three equal groups, matched 
for mean running speed. Each group received two training trials per day for 15 days. 
Groups I and II were rewarded with 3 c.c. of water on each trial and were deprived of 
water in the home cage. Group III were rewarded on only one trial each day, reward 


being randomly alternated with non-reward. Each bird in group III was given a further 
3 c.c. of water in the home cage at the end of each training session. 
Testing 

At the end of training the birds were allowed to recover from deprivation, being 
given ad lib. food and water in the home cage, for 3 days. Group I was then deprived 
of water for 48 hr. and groups II and III for only 24 hr. “After deprivation each bird was 
given a trial in the runway, the time from entering the runway to drinking being recorded. 
This preliminary test (test O) was identical to the training trials and was followed, after 
recovery and redeprivation, by three testing trials proper. The procedure for these 
tests was identical to that of the preliminary test, except that a red flashing light was 
present above the drinking trough at the far end of the runway, and visible to any bird 


entering the runway. The light was switched on as soon as the bird had entered the 
runway. The rationale of this testing procedure was as follows. 


FIGURE 1 


Group III 


Group Il 


Mean running time (sec.) 


‘ee a 


Test 


The effect of a deterrent on the running time of three groups of birds. Group I was 
CR and 48 hr. thirsty; group II, CR and 24 hr. thirsty; group III, PR and 24 hr. thirsty. 


According to the present theory, partially rewarded animals should respond more to 
novel stimuli, because they have a greater tendency to attend to incidental aspects of 
the situation. Thus group III should be affected more by the red light than groups I 
and II. Because Barbary doves are normally frightened by novel stimuli, it is expected 
that the effect of the red light will be to lengthen the response time, but because group I 
are more thirsty than group II, this effect is expected to be smaller in group I. 


Results 


From Figure 1 it can be seen that the effect of the flashing light was to increase 
the response time for all the experimental groups. With each successive test the 
response time decreased, indicating a general habituation effect. The response time 
for group I was consistently less than that for group II (tests o, 1 and 3,0: 2 191, 
one-tailed, p < 0:05), indicating that increased deprivation contributes to the 
approach tendency. Comparing the performance of groups II and III, using one- 
tailed tests; for test I, £ = 2:31 (P < 0'025) and for test 2, t = 2:48 (p < 0-025), 
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showing that the different training procedures to which groups II and III were 
subjected made an important difference to their test performance. 


Discussion 

The results of this experiment support the view that PR animals are more likely 
to attend to stimuli newly introduced into the test situation. It is interesting to 
compare the results of this experiment with those which would be predicted from 
Lawrence and Festinger's (1962) theory of cognitive dissonance. 

In applying the theory of cognitive dissonance to animals, Lawrence and Festinger 
maintain that a rat which experiences non-reward develops dissonance, a tensional 
state which the animal tries to reduce. Dissonance reduction can be brought about 
either by changes in behaviour, or by finding extra aliractions in the situation in which 
dissonance was experienced. During a PR schedule the extra attractions generated 
lead to an accumulation of dissonance motivation. This extra motivation causes 
rats to persist longer in extinction, thus producing the characteristic partial reward 
effect on extinction. If PR produces dissonance motivation, then clearly, in the 
present experiment both the PR group (group III) and the more thirsty group 
(group I) should be less affected by the red light than group II; in contrast to the 
prediction derived from Sutherland's theory, which is that the PR group will be 
more affected than the controls. It appears from Figure 1 that Sutherland's theory 
offers the better interpretation of the results of this experiment. 

However, these results can only be taken as criticism of cognitive dissonance 
if group III was in fact more resistant to extinction than group IL To test this 
proviso, groups II and III were tested for resistance to extinction at the end of 
the experiment. The extinction trials were run all on one day. Each dove had 
about 20 min. between trials and was run until it reached a criterion of three accumu- 
lated trials with latencies greater than 180 sec. The number of trials taken to reach 
criterion was the measure for resistance to extinction. This measure Was found to 
be 16:8 for group II and 22:8 for group EI ¢=32,2< oor). Thus, although 
the testing procedure had a greater deterrent effect on group III, this group was 
more resistant to extinction than group II. Thus it is possible that the degree to 
which animals switch attention governs both their responsiveness to incidental 


stimuli and their resistance to extinction. 


The relationship between displacement and diversion of attention 


The experiments reported so far provide evidence for the view that Barbary 
t irrelevant cues, and (2) show 


doves, which are non-rewarded, (1) learn more abou! 

greater response to novel stimuli. These results support the present interpretation 
of Sutherland’s theory, SO that, in all, there is considerable evidence for the view 
that non-reward switches attention. In the introduction to this paper it was pointed 
out that such a mechanism could be important in the disinhibition of displacement 
activities. Thwarting of both appetitive and of consummatory behaviour represent 
non-reward situations, and both are inductive to displacement. Displacement also 
occurs in conflict situations, which also provide conditions in which reward is blocked 
or delayed. However, the role of attention is likely to be more complicated in a 
conflict situation, and it is necessary, first of all, to determine whether there is any 


relationship between displacement and diversion of attention in a simple non-reward 


situation. ; TS : . 
As attention cannot be measured directly, it is necessary to estimate it through 
one of the behaviour variables which are supposed to correlate with attention. The 


amount learned about incidental cues, the degree of response to incidental stimuli, 
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and the resistance to extinction, are all, on the present interpretation of Sutherland's 
theory, variables of this kind. One way to tackle the problem is to determine whether 
individual differences for these variables correlate with the amount of displacement 
activity shown by the same individuals in a test situation. This rationale forms the 
basis of the next experiment. 


EXPERIMENT 3 


Because an individual's displacement activity varies greatly from trial to trial, 
it is necessary to devise a situation in which the mean displacement activity can be 
obtained from a number of trials. From this point of view, the extinction situation 
is the most suitable of the attention-measuring situations mentioned above. 


Method 

Ten adult Barbary doves were trained in the apparatus shown in Figure 2. They 
entered the antecage individually and ran to the water bowl (B) when the door (D) was 
opened by the experimenter. Each dove was given one trial a day for 20 days and was 
allowed to drink its fill on reaching the water bowl. No water was available in the home 
cage, but food was available ad lib. At the end of training all birds were reaching the 
water bowl within 30 sec. of the door (D) being opened, and all were then transferred 
to an extinction schedule. During the extinction tests cach bird continued to be run 
once per day. The water bowl in the test-cage was empty, and each bird was allowed 
one drink in the home cage at the end of the daily testing session. Each extinction trial 
lasted 180 sec. at the end of which the bird was removed from the apparatus, and its 
identity noted from the number on its leg ring. During extinction the time taken to reach 
the water bowl (response time) was measured with a stopwatch. If a dove failed to touch 
the water bowl within 180 sec., on three separate occasions, it had reached the criterion 
of extinction. As each dove reached this criterion it was removed from the experiment. 
Throughout extinction the time spent pecking at the ground, both before and after the 
bird reached the water bowl, was recorded on electromagnetic cumulative counters. 


FIGURE 2 
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Apparatus used in Experiment 3. D = door, remotely controlled by the observer; 
B = water bowl. 


Results and discussion 


The results of this experiment are summarized in Figures 3 and 4. From these 
results it can be seen that there is a positive correlation between the mean time 
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spent pecking during the extinction tests and the number of trials taken to reach 
the extinction criterion (Spearman rank correlation coefficient 7, — 0:65, t = 2:40. 
P < 0:025). There is also a correlation between pecking and the mean response 
time (rs = 0:564, p < 0°05). In other words, those birds which were most resistant 
to extinction also showed most displacement activity. 


FIGURE 3 
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Correlation between resistance to extinction (trials to criterion) and time spent 


displacement pecking during extinction. 

It should be noted here that the usual procedure of removing the bird from the 
apparatus when it reached the goal was not followed. In the present experiment there 
was no correlation between the amount of pecking before the goal was reached and the 
resistance to extinction. The reason for this is simply that the birds most resistant 


to extinction run faster and therefore have less opportunity for displacement. Only 
by leaving the bird in the apparatus for a fixed amount of time can a true measure 


of its displacement activity be obtained. 
FIGURE 4 
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Correlation between resistance to extinction (mean response time) and time spent 


displacement pecking during extinction. 


“tue 


to 
[v2] 


QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY 


According to the present theory, resistance to extinction is a function of the 
extent to which the birds pay attention to incidental cues during training. The 
finding that the birds more resistant to extinction do more displacement pecking 
supports the view that displacement activities are dependent on some attention 
switching process. There are two possible ways in which this process may affect 
displacement during extinction. First, having many analysers switched in (Suther- 
land's terminology) causes the subjects to be more resistant to extinction, because 
they have to learn to extinguish the responses to these analysers; in addition, it 
causes them to spend more time displacement pecking, because they have learned 
to take notice of incidental stimuli, as suggested by the results of Expt. 2. The 
alternative is that those subjects which have a large number of analysers switched 
in do more displacement, and consequently devote less time to learning about the 
relevant stimuli, so that they extinguish slower. 

In order to distinguish between these two possibilities, the doves were retrained 
and then divided into two equal groups, matched for previous resistance to extinction. 
During retraining both groups experienced the test-cage with the floor covered with 
small particles of sand, faeces, etc.; and with the floor swept clean. One group was 
then extinguished with grain scattered over the floor and the other with the floor 
swept clean. This procedure is based on previous experiments (McFarland, 1965), 
which showed that the presence of grain greatly facilitates displacement pecking. 
Thus, if the second alternative is correct, the birds with grain should spend more 
time pecking and should consequently take longer to extinguish. If the first alterna- 
tive is correct, the induced displacement pecking should make no difference to the 
resistance to extinction. The results of the extinction tests show that the presence 
of grain made a large difference to the time spent pecking (grain group mean 
= 55'1 sec./trial; no-grain group mean = 21-9 sec./trial), but there was no difference 
in the resistance to extinction (grain group mean = 8-0 trials to criterion; no-grain 
group mean = 9-0). These results suggest that displacement is independent of 
resistance to extinction, but shares with it a common causal factor. 


Discussion 


Lambert and Solomon (1952) trained rats in a runway and then physically 
blocked them at different distances from the goal. Rats blocked near the goal were 
found to be more resistant to extinction and also show more "excitement," including 
irrelevant activity. Clearly Lambert and Solomon obtained essentially the same 
relationship between displacement activity and resistance to extinction as that 
reported in this paper. If these findings were to be substantiated they could have 
Important: implications for extinction theory. In particular, frustration theory 
(e.g. Amsel, 1958) maintains that PR animals are more resistant to extinction because 
they have become used to the disrupting effects of frustration generated by non- 
reward. It has also been argued that since frustration has drive properties, PR 
animals, Which experience frustration during training, should run faster than CR 
animals. This appears to be the case for the later part of acquisition (Weinstock, 
1958; Goodrich, 1959), but it has been found that the response strength of PR animals 
is weaker during the early part. According to Weinstock and Goodrich, frustration 
drive energises competing responses, which detract from the overall response measure 
(Cotton, 1953). Later in training the competing responses extinguish and the 
frustration drive can only energise the relevant response. On this basis one would 
expect PR animals to show less competing (displacement) responses during extinction, 
partly because PR animals are less frustrated than CR animals, and partly because 
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the competing responses are supposed to have been extinguished. On the present 
hypothesis, of course, PR animals should show more competing responses during 
extinction. Clearly the relationship between displacement and extinction has 
important theoretical implications and is likely to be a fruitful field for research. 

The other main implication of the relationship between displacement and extinc- 
tion reported above, is that it suggests that animals which attend to incidental 
stimuli also spend more time in displacement activity. McFarland (1966) has data 
which suggest that this may also occur in conflict and in thwarting situations. In 
an approach-avoidance conflict situation McFarland obtained a positive correlation 
between pecking and a stationary “attentive” posture (SAP) and a negative correla- 
tion with a stationary ambivalent posture (SAV). It is argued that an animal in 
SAV is in no position to attend to irrelevant aspects of the situation because the very 
nature of the posture (approach-avoidance compromise) implies that attention is 
fixed on relevant stimuli. When Barbary doves are physically prevented from 
reaching a goal, they do less SAV but more SAP and pecking than they do when 
inconflict. These data support the view that displacement activity and attentiveness 
are connected. 

The thesis presented here is that “frustration,” which may result from conflict, 
zard, diverts “attention.” This mechanism is not the sole cause 


thwarting or non-rew 

of displacement ; on the contrary, it is evident from a number of experiments (e.g. 
Andrew, 1956; Rowell, 1961; McFarland, 1965) that there must also be an underlying 
motivational readiness to perform the type of activity which appears as displacement. 


Disinhibition theory rejects the view that displacement activities result from dis- 


placed motivation and maintains that they are energised by their normal motivational 
factors, It has been argued that the term “displacement” should be dropped, 
although some (e.g. Sevenster, 1961) prefer to retain it for historical reasons. How- 


ever, in this paper the view is put forward that in order for an animal to respond 


to underlying motivations, its attention must be displaced from the stimuli relevant 
"displacement" will 


to the predominant motivation. It is hoped that the term 
thus acquire a new lease of life. 


Two of the experiments reported in this paper were conducted at the Institute of 
Experimental Psychology, Oxford. The writer wishes to express his appreciation to 
J. D. Delius, B. McGonigle, N. J. Mackintosh and D. M. Vowles for reading the manuscript 


and for their helpful comments. 
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CONTINUED WORD ASSOCIATIONS AND FREE RECALL 


BY 


W. A. MATTHEWS* 
From the Department of Psychology, The University, Hull 


ort-term free recall of 12-word associated and non-associated 
(derived from norms obtained by continuous 
controlled association) and word frequency were varied. Significant facilitation as a 
result of the associative manipulations was obtained and clustering of the responses was 
positively related to this. Clustering was also affected by the method of presentation 
of the associated words; this occurred more often when they were grouped in presentation 
than when they were presented randomly arranged among other words in the list. Low 
frequency associated word lists were generally found to be more efficiently recalled than 
those of comparable association values but consisting of high frequency words. 


_ Two experiments on the sh 
lists are reported. Degree of association 


INTRODUCTION 


related the effüciency of free recall to the existence 
to associative connections between the items making 


kins and Russell, 1952; Deese, 1959). The 
s as their independent variable used the 


Various experiments have 
of categorical relationships or 
up the lists (e.g. Bousfield, 1953; Jen 
investigators who had association measure: : | 
norms obtained, by Russell and Jenkins (1954), from a large population of subjects 
each of whom gave a single response to each stimulus. It may be argued that norms 
obtained in this way distort the relationship which these measures are assumed to 


have to some intra-subject verbal organization in that high commonality responses 
available to produce other words as 


necessarily reduce the number of subjects aval ; 1 
associates. Thus in these situations, an association with a low score in the norms 
may be weakly associated to its stimulus or may be strongly associated but with 
this incorrectly assessed by the method used. The failure of Jenkins (1964) to obtain 
differential performance in paired-associate Jearning as the degree of association 
differed may be ascribed to this. This objection has less force when responses are 
obtained by continued controlled association in which each subject produces as 
many associations as he wishes to the stimulus word over a period of time (in this 
case 2 min.). Norms were obtained to 28 stimuli in this way. These were not identical 


With the stimuli used by Russell and Jenkins, as no direct comparison was intended 
with the results of experimen ther interest was centred on 


ts using their norms; Ta [ t 
the performance in free recall. vas obtained by taking the 


The normative score v 
number of subjects (from the groups of 50 which produced the norms) who gave a 
particular response anywhere in the associ 


iations produced over a 2 min. period. 

Thus, for example, the word "left" was given 32 times (ie. by 32/50 subjects) to 
"right," whereas "arm" was only given four times. Using these norms, Matthews, 
Marcer and Morgan (1964) constructed 12-word lists, which consisted of four sets 
of three associated words. Of these three-word groups, one word was one of the 
28 stimuli (a “core” word) and the other two words were associations to it. The 
f the list was obtained by taking the mean of the associative 


mean associative value o VHS Me ) ^ à 
ight associations in a list to their respective core words. 


Using a high and a low 1 ; 
the free recall of random control lists w 
an increasing incidence 


* Now at Department of Psychology, University of Southampton. 
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following experiments extend these earlier investigations by sampling four points 
on the associative-frequency dimension and introduce a word-frequency variable 
(Thorndike and Lorge, 1944) into the design. Additionally, in an attempt to isolate 
other important factors in the situation, further associative norms were obtained 
for 62 other words. 


STANDARDIZATION PROCEDURE 


Stage 1. Twenty-eight words were selected and presented to subjects both visually 
and auditorily. Each word consisted of five letters; and two different words within the 
group began with the same letter of the alphabet. The subjects were requested to 
associate for 2 min. to each of these words. The associations were written on mimeo- 
graphed response sheets. With one exception (“docks”) each stimulus occurred more 
than 50 times per million words sampled (Thorndike and Lorge G-count, 1944). It must 
be emphasized that controlled (and not chained) association was required, i.e. associations 
directly derived from the stimulus; and to facilitate this, the stimulus was written on the 
response sheet before association began. Examples with different stimuli preceded each 
session. Response repetition was allowed but seldom occurred. 


Stage 2. A further 62 words were presented in a similar way for a 2-min. association 
period, with similar instructions as in stage 1 except that, at the end of r min., the 
association which had just been produced was underlined. These words consisted of 
32 words occurring less than 50 times per million words sampled (in future labelled LF 
words) and 30 words occurring more often than 50 times per million words sampled 
(in future labelled HF words). They were associations given to “core” words in a sample 
of the 12-word lists used. These were given in four groups on different occasions with 
an approximately equal number of HF and LF stimuli presented randomly in each session. 


Subjects. "The subjects were five groups of 50 training college students (average 
age 20 years). Each group contained 25 men and 25 women. Four of the groups took 
part in stage 2 of the standardization procedure. The other group took part in stage 1. 
The subjects were not grouped for reasons which may have produced differential word 
association performance. The associations were summarized irrespective of order of 
emission, and normative data for each stimulus was produced. The norms consisted of 
the total number of instances each associate was given to each stimulus. These ranged 
from 1 to an actual maximum of about 50. Separate classifications were made for men 
and women but were combined for use in these experiments. 


Experimental investigations 


Three experiments were carried out but only two will be reported in detail here. 
In Experiment 1, the 12-word lists were presented with the four sets of three associated 
words in sequence. In the two other experiments, the same lists were used but the 
associated triplets were broken up and randomly presented among the other words in 
the list. In the first of these, training college students were used, as in the norm producing 
group; in the second, the subjects were university undergraduates. In the latter experi- 
ment, six presentations of each list were made whereas only three presentations were 
possible with the training college students. The greater amount of data produced by 
the university groups confirmed and extended the results of the comparable training 
college experiment, but the differences in the population from which the subjects were 
drawn make the randomized presentation to training college students more directly 
comparable with the ordered presentation of Experiment r. This will be reported in 


detail but confirming results from the excluded experiment will be mentioned where 
appropriate. 


EXPERIMENT 1 


Material. Forty-eight 12-word lists were constructed from the data of stage 1 of 
the standardization test and th 


e Thorndike-L G- t. Th in four sets of 12- 
Each set of 12 consisted of four co COUTE SCWOre n. 


5 2 F associated lists, three LF associated 
lists, three HF control lists and three LF control lists. Each associated list consisted 


not associated. They were matched for word freq: 
list. Initial letter duplication within a list was avoi 


HUS. ; 
— “ceiling” effect was li 
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as the available material allowed. The four sets of lists were distinguished by having 
different mean associative strengths. The four mean values were approximately 22, 14, 
7 and 2 (i.e. each associate was given to its core word by an average of 22/50 subjects, 
14/50 subjects, etc., in the standardization group). A sample of these lists appears in 
Table I along with the associative norm score and G-count frequency. 


TABLE I 


A SAMPLE OF THE ASSOCIATED Lisrs AT EACH ASSOCIATIVE AND WonD 


FRE cv Point USED IN EXPERIMENTS 1 AND 2 
AF22 HF AFig HF HF 

AF | WF AF AF AF | WF 

right C | AA | thing | c house c march C | AA 
hand 23 AA any 14 dog 7 order 3 AA 
left 32 AA | some 12 people 6 joumey 2 A 
front C AA water G right c cabin È A 
back 34 bath 17 time 5 forest 8 AA 
door 32 reservoir 12 yes 5 sleep 4 AA 
march needs [4 laugh Cc right ¢ AA 
army 27 clothes 18 ery 7 ann 4 AA 
wind 27 desire IX mouth 6 path 2 AA 
thing € light Ç field c house [- AA 
object 26 electric 16 work 6 boat 4 | AA 
some 12 fire 12 soil 5 live 4 AA 

TT AF; LF AF2LF 

ip | WF AF | WF AF | WF 

field © | AA | docks 16 | cloth ¢ | 2 point PEE 
Puttera 18 | 2 | careo + 2 Sod 5 A | Sathenaiite!| 2 3 
e Big | mose | 8 | AR m | È | AR) mm “EPS 
G | AS | Siec 18 2 | overture 3 4 | tickle 3 | 1o 

30 | 53 longi is | 17 | trumpet 6 17 | sarcasm A 3 

Q | aX | Eara È | AA | night C | AA | giant ¢ | A 

orchestra - y E ; pillow 5 33 ugly | 4 34 
Seu. 20 19 12 bats 4 19 footprints 2 3 
Boobs ap |i 35 € guard € | AA | doubt C | AA 
s C 16 i van 6 29 anxiety 2 22 

a | 2 : sentry 12 5 | query 5 9 


ed three times in the learning session but these 
Presentations were not sequential. Within eani emp a es a dapes = 
ms oque len rs r s 

Were presented in a randomized order. The 12 lists were the 1 
"hi 3 i Y tation. The number of inter- 
sented. This occurred a second time for the final presen aber o pe 


c i 5 - ati vas kept as similar as poss! 
Polated lists between repeated presentations was ker pe dpi e E 


constraint that a pattern must not develop. } e th à 
varied to meet the last constraint the sare! ae Su oe ds postion Eom 
twice i ion was always met. Within each list : 

trial to trial, oceurting in citer the first, second, third or last quarter. Due to practical 


i i i ach list were not possible: but as each list, in each 
difficulties, four presentations of each list Wt ecce pep taped dem 


conditi i iative set of the experiment, v: E ; 
oe ad be ae associative sets were possible. Mm n i aded me [oe 
of the items was varied on each presentation with the core words preceding the ass iations 
-— urn ; al randomization procedure was used to provide 
, This complicated and I e gubjects’ behaviour, i.e. the number of items recalled, 
and the way these items were clustered. Despite the instructions that free recall was 
allowed it Ss thought that normal sequential presentation would contaminate the results 
and serial TEA rning be shown. Additionally, as the number of “core” words and associa- 
tions f gi vas limited, an extension of list lengt h was not possible, and so a 
ns from stage I V m which might obscure differences between the four associative 
rtp "M Morgan, 1964). 

y pas Lo Matthews, Marce ch iere cre: set were recorded on magnetic tape 
and oe ted auditorlly at a constant speed of 1 word/sec. Eam Ewe peer by 
a warning signal (a low pitched buzz) which i age i cs à Eh uer i: 
regular monotone (male voice) beginning I sen, After nn. ESTE E - d pA 
Signal. Immediately aíter the twelfth word had been read, recall was made in writing 


Procedure. Each list was present 
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on prepared response sheets. Recall was frec. The recall interval was approximately 
45 sec. As performance improved, slightly more time was required but this never ex- 
ceeded 60 sec. Reference back to earlier lists was not allowed. Before each series began, 
practice lists were presented during which some knowledge of the procedure was acquired 
and signal levels were adjusted so that all subjects could hear clearly. 


EXPERIMENT 2 

Material. This was the same as in Experiment r. 

Procedure. This was identical with Experiment 1 except for the following variation 
in within-list organization. The associated triplets were split up in this experiment and 
the 12 items were arranged randomly with the restriction that two sequential items 
should not be associated. The three-word sequences in positions 1-3, 4-6, 7-9 and 10-12 
of the list were then treated as in Experiment 1 with the within-list positions and orders 
changing on each presentation trial. Although ceiling effects were thought to be unlikely 
with this intra-list arrangement, the pattern of list presentation as in Experiment 1 was 
maintained to make comparisons between the results more reasonable. 

Subjects. These were men and women drawn from the teachers’ training college at 
which the associative norms had been obtained, but these had not been involved in the 
norm production sessions. They were naive to verbal learning experiments, In Experi- 
ment 1, there were 1o (12) subjects in the AF22 group, 12 (12) subjects in the AF14 
group, 12 (10) subjects in the AF7 group, and ro (7) subjects in the AF2 group. The figures 
in brackets give the number of subjects taking part in Experiment 2. These groups were 
selected at random from the available student population. 


RESULTS 


The mean number of items correct on presentations r and 3 within each associative 
set is shown in Table II. Responses which were clearly errors of hearing or were 
homophones were treated as correct. If there was any doubt they were treated 
as errors. 


TABLE II 
NUMBER or Items CORRECT ON PRESENTATIONS I AND 3 IN EXPERIMENTS I AND 2 


a ÀM————— ÀÀÀ € 


Associative Associative Control Control 
HF condition LF condition HF condition LF condition 
Expt. 1 | Expt. 2 | Expt. 1 | Expt. 2 | Expt. 1 | Expt. 2 Expt. 1 | Expt. 2 

AF22 Pr 22:6 174 21:6 14:8 172 16:5 13:9 14:8 
P3 26:1 19:6 27:9 22-0 18-7 19:3 18:5 18:2 

AF14 Pr 23:3 17:5 26:3 16:0 179 14-8 18-0 15:8 
P3 | 290 20:8 31-6 21:0 19:3 16:1 20:3 17:0 

AF7 Pr 23:8 19:0 25:5 18-8 176 15:5 15:0 1577 
P3 24:9 20:9 26-1 22:5 18-1 18:9 15:9 20:5 

Aba Pr 22:3 15:4 20:9 154 16:9 I4I 16:5 118 
Ps | 238 19:8 25:3 194 204 17:0 20:3 1644 


E——— o s —m MEME NM MN DN 


Bartlett tests were carried out, and the single transformation required was made. 
Analyses of variance (repeated measures model) were then carried out on the number 


of correct TeSponses per presentation for each associative set separately. A selection 
of these results will be discussed. In 


: tuation ( values ranged from <o0-03 
to <o-oor). To elucidate the degree to which recall was facilitated as a. function 
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of the level of associative frequency in Experiment r 

a ects from each associative set were ranted and an hoe oe VD 
end E r sek of scores. This repeated the findings from the separate analyses of 
€ vul ove; and the residual variance was used to carry out a Duncan multiple 
S ge test (Edwards, 1960) to evaluate whether any of the differences between the 
Fe scores (eight associated with eight control conditions) were significant at 
it 9:05 level. The control lists did not differ among themselves, although four of 
ed six highest means were from HF control lists, but were all significantly less 
- recalled than the associated lists. Among the latter lists an interesting relation- 
— found. The three AF conditions (22, 14 and 7) with low frequency (LF) 
" rds as the associates produced more correct responses than in the comparable 

igh frequency (HF) lists. The AFr4 LF lists were significantly better recalled th 
any other lists. No significant differences were found between the AF22 LF ati 
AF7 LF lists and the AF14 HF and AF22 HF lists. The former two lists were sig- 
nificantly different from the AF7 HF lists. Both the AF2 lists were inferior to the 
other associated lists, but only the AF2 HF lists were significantly worse than the 
AF7 HF lists. This superiority of the LF lists occurred consistently in Experiment I 
iu was beginning to develop by the third presentation in Experiment 2 (except in the 
F2 set). It was clear by trial 6 in the experiment not reported in detail here. 

" The differences which appeared clearly in Experiment 1 may be traced to the 
ncidence of clustering into three-word groups. This did not appear in Experiment 2. 


These results are shown in Table III. 


TABLE III 


TRIPLETS OCCURRING IN ASSOCIATED AND CONTROL 


MEAN NuMBER OF 
Lisrs IN EXPERIMENTS I AND 2 


Experiment 1 Experiment 2 
Associated Controls Associated Controls 
HF LF HF LIF HF LF HF LF 
| 
AF22 14:0 170 5:3 47 0:6 r6 0:2 0:2 
AF14 18:5 2r3 6:4 58 r8 r3 o3 03 
AF7 II'2 15:3 6:8 46 o7 2:1 or o'o 
AF2 Irs 137 59 6I o6 ru or Or 


" In Experiment 1, it is clear that a greater proportion of the LF associated lists 
han of the HF associated lists occur as three-item sequences, and this appears to 
oduced. To clarify this, the number 


ke: related to the number of words correctly repro 
Of triplets produced by each subject was ascertained. These were adjusted to allow 


‘or an increasing probability of occurrence of triplets by chance as the number of 
eased (for details of method, see Matthews, Marcer 


Items correctly reported, incr 

and Morgan, 1964). A rank order correlation (Spearman’s tho) was then carried 

Out between these adjusted scores and the number of items correctly reported by 

each subject under each condition in each associative set. A summary of these 

appears in Table IV. The small number of triplets in Experiment 2 prevented this 

analysis being carried out. The consistently higher correlation for the associated 
than the associated HF lists (with identical subjects at the four different asso- 


“lative levels) indicates that the relationship is not artefactual. 
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TABLE IV 


RANK ORDER CORRELATIONS (SPEARMAN'S RHO) BETWEEN THE ADJUSTED 
NUMBER OF TRIPLETS REPOR AND ¿z TOTAL NUMBER OF ITEMS 
CORRECT BY ASSOCIATIVE SET AND CONDITION IN EXPERIMENT I 


HF associative | LF associative | HF controls | LF controls 
x | i " 
AF22 0:79 (0-01) 0:92 (0-01) | — 070 (0°05) 0:52 (NS) 
AF 14 0:64 (0-05) 0:01 (0-01) | 0750 (0°05) 0:48 (NS) 
AF7 0:76 (0-01) 0:82 (0-01) 0:31 (NS) 0:38 (NS 


AF2 0:67 (0-05) 0:80 (0-01) | 0-60 (0-05) | Org 


The significance levels for the appropriate Ns appear in brackets. 


To elucidate this finding, the associative responses to the 62 words in part 2 of 
the standardization tests were used. These stimuli were the associative responses 
used in eight of the associated lists (one HF and one LF list from each associative 
frequency level). From this data, an estimate was made of the extent to which the 
items in each list elicit each other as associates, and of the mean associative strength 
of these intra-list connections. The number of words which appeared as associates 
to one or more of the other words varied little as a function of either word or asso- 
ciative frequency. The mean associative strengths of these connections did vary, 
however, as a function of both associative level (which was partially inevitable) 
and word frequency; and the mean associative strengths by condition follow. In 
the AF22 HF list, the mean inter-item association value is 16-5 (i.e. the intra-list 
associations are produced by an average of 16-5/50 subjects); for the AF 22 LF list the 
value is 25:9; AF14 HF is 9-9, AF14 LF is 17-00; AF7 HF is 9:89; AF7 LF is 13:09; 
AF2 HF is 3:7; and AF2 LF is 95. Thus the probability with which the intra-list 
associates elicited one another was always higher in the LF than in the HF lists. A 
final inference which may be drawn from Tables III and IV is that these LF associative 
interconnections were more likely to be within a triplet than are those in HF lists. 
On analysis, 7 from 83 (8:4 per cent.) LF words were given as associates to words 
outside the associated triplet, whereas 15 from 78 (19:2 per cent.) HF words were 
classifiable in this way. 

_ Despite the varied methods of presentation, an increasing number of correct 
items was reliably found over the three presentation trials in both Experiments 
1 and 2 (p <0-00r) with a single exception. However, the rate of improvement 
varied little between the experimental and the control conditions in Experiment 1 
Where none of the four association conditions x order of presentation interactions 


reached the 0-05 significance levels. In Experiment 2, two of these interactions 


were significant (AF22, P < 0:05; AF14, p < 0-001), indicating that the appearance 


of strongly associated words did i i ici i ith a 
s £ produce increasingly efficient recall with 
randomized type of presentation. — 


Discussion 


However, an Increasing level of associative connection did not lead to increasingly 
efficient performance in free recall, i 


3 AF22 and AFr4 lists were not differentiated, 
and AF7 lists were not clearly less well recalled than these two other sets. One 
inference from this is that the degree of overlearning of associative connections is 


Nus 


| 


| 
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so great that differences in recall may only be found between high/medium and 
very low levels of associative connections in a free recall situation. The less efficient 
performance on the AF2 lists, where the associations had been given by only two 
from. 50 subjects anywhere in their response protocols, supports this view. 

. Tacilitation was clearly related to an increased incidence of clustering into 
triplets, and LF words were more clearly grouped than HF words in Experiment I. 
This was appearing by the third presentation in Experiment 2 (and had appeared in 
the number of pairs reported). It was also found in the third experiment mentioned 
earlier. Postman (1964) has reported that HF words are more affected by interfering 
associations than are LF words and uses the explanatory notion of associative 
interference (Underwood and Schulz, 1960). It seems feasible that the number of 
associative groups to which HF responses may be connected will be greater than 
those to which LF responses are related. As recall is related to associative grouping, 
and if some uncertainty exists as to the correct response, then the greater number 
of alternatives which are possible to the HF words may reduce the efficiency of 
clustering and introduce incorrect, but associatively related, words into the responses. 
This should be less likely in LF lists. The stronger inter-item associative connections 
between the LF responses reported earlier supports this view and indicates that, 
despite equating on one-way associative norms, there were much stronger associative 
connections between the LF than the HE words. This is supplemented by the smaller 
percentage of LF than HF words which have ass 


ociative connections outside the 
particular associative triplet (8-4 per cent. and 19:2 per cent., respectively). Thus 
the looser organization of HF associated lists may make the effective size of an 
associated group of words in an HF list larger than three words. 


This may both 
confuse some classifying system used to "label" each associative group and, less 
probably, exceed the number of items in a group which a subject can handle efficiently. 

It seems possible to reduce the LF associative superiority to a process dependent 
on the frequency of experience of words occurring normally in few, rather than 
many, varied contexts; and not solely to simi 


larities in the actual frequency of 
associates to a particular stimulus. This interpretation would be supported by an 
e inter-item associations b 


experiment in which the complet etween the words in 
both HF and LF lists had been equated and no difference in recall or clustering 
found. However, such lists would be very difficult to produce. The importance of 
the clustering strategies which this interpretation assumes is further emphasized by 
the number of three-word clusters (asa function of presentation order) which appeared 


in the control lists. Where the structure of the list does not correlate with the 
re slowly, cluster size 15 reduced, and 


associative groupings, clustering develops mo : 
recall is less efficient. In these conditions, the order and speed of presentation may 
be the major determinants of recall, and “chunking (Miller, 1956) will not be so 
readily facilitated by the associative cues present. 


h Thanks are due to Dr. H. D. Wi 
elping to provide subjects. 


ng, Principal, City of Sheffield Training College for 
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VIGILANCE—AROUSAL vs. REINFORCEMENT 


BY 


HANS CHRISTOPH MICKO 
From Göttingen University 


, Task-irrelevant stimuli (projected jokes, which were difficult to read) received an 
increasing attention as the auditory vigilance session progressed. This result supports 
reinforcement theories at the cost of activation theory of vigilance. 


INTRODUCTION 
been developed in order to explain and 


predict performance in vigilance tasks. Some of these could be classified as Rein- 
forcement theories, e.g. Broadbent's (1958) filter theory, Claridge's (1960) and Tread- 
well's (1960) discussion of vigilance performance in Hullian terminology, Holland's 
(1958) Skinnerian approach and Mackworth's (1950) slightly different interpretation 
of vigilance deterioration as secondary extinction or generalized inhibition of the 
responding behaviour. According to these theoretical interpretations, which are 
basically alike, vigilance level, or detection probability, is a function of the frequency 
and recency of reinforcement of the watch-keeping behaviour by signal detections. 
Vigilance deterioration is assumed to be due to the rareness of reinforcements, since 
signals which can be detected are infrequent in vigilance experiments (Schmidtke 
and Micko, 1964). A ; 

A different interpretation is presented by the Activation theory, which was first 
mentioned by Deese (1955) and discussed later among others by Broadbent (1958, 
1963), and Haider (1962). According to the activation theory, vigilance level is 
a function of reticular activity. Reticular activity itself depends on the variability 
of the environmental stimulation, which is typically low in vigilance experiments. 
This prolonged low stimulus variability of the experimental situation 1S assumed to 


be responsible for the deterioration of watch-keeping performance. 1 
more general one. From it 


Of t yi ries the activation theory is the e 1 
ee oe t theories, by interpreting 


one i; ict all data supporting reinforcemen 
dad eli E: imulus environment. (We shall not be 


detected signals as variations of the sti 

concerned here with other interpretations, €& expectancy theory, etc.) 

Most vigilance studies have been interpreted as supporting one or other theory. 
McGrath (1963) devised the only crucial experiment known to the author. He argued 
that, according to activation. theory, distracting stimulation ought to improve 
detection performance, whereas according to reinforcement theories distractions 
Should have an adverse or no effect. In fact, McGrath found that distraction 
interacts with the difficulty of the vigilance task in influencing detection performance. 


Several theoretical approaches have 


AIMS 


The present critical experiment Was provoked by a reasoning different from ne 
Of McGrath’s but it leads to an experimental arrangement similar to his. If de- 
erioration of vigilance is due to 4 decrease of arousal, we must assume that all 
T ch-keeping session. From the 


Organi E during the wat : 
organized mental activity decreases rd predict that o nly the watch-keeping 


Lack. . » n 
-of-reinforcement" theory We : ies 
chavionrt unde rgoes extinction. Other, task-irrelevant, mental activities may to 
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some extent undergo extinction by the mechanism of generalized inhibition but to 
a much lesser degree than the watch-keeping behaviour. Therefore task-irrelevant 
activites, e.g. thinking about the last date or the coming examination will become 
more and more frequently dominant and will for a while replace the observing 
behaviour. 

We cannot judge from a subject's detection performance, if periods of non- 
attendance are filled by drowsiness and light sleep or by distracting thoughts or 
fantasies. Introspective reports are conflicting and. inconclusive (McGrath, 1960; 
Bakan, 1963). Therefore, in order to make mental activities other than the required 
watch-keeping observable, one may supply the subjects with task-irrelevant stimuli, 
which are to compete with the task stimuli in a similar manner to other, mainly 
internal, stimuli such as memories, ideas, etc. 

Such extra stimuli have to fulfill three requirements: (i) Thev must be the most 
likely ones to replace the observing behaviour, if it is replaced at all. (ii) They 
must not distract the subjects from the task stimuli more than do other internal 
or external stimuli. (iii) Attending to these stimuli should require a certain amount 
of effort and “organized mental activity,” since the arousal theory would admit 
the replacement of watch-keeping by disorganized mental activities, such as are 
reported for states intermediate between waking and sleeping (Oswald, 1962). 

Task-irrelevant stimuli, which meet these requirements should, according to 
the reinforcement theories, receive an increasing attention in the course of the watch- 
keeping session, whereas according to the activation theory, they should be attended 
to in a decreasing fashion. 


METHOD 


Vigilance task. A series of 1000 c-p.s. tones lasting 0-2 sec. was recorded on tape 
together with white noise of medium intensity for masking purposes. Intervals between 
tones were 0-6 sec. Interspersed in this series were 24 tones of somewhat higher intensity, 
constituting the signals to be detected. The difference in intensity between critical 
and non-critical tones had been adjusted in pretests, so that 9o per cent. detections could 
be expected under alert conditions. The signals were so spaced that each of the following 
intervals occurred once every } hr.: à min., 1 min., 2 min., 3 min., 4min., 43 min. Based 
on this principle critical signals were presented 3, 7, 74, Ob, 14, 15, 17, 18, 221, 25%, 26, 
30, 32, 364, 373, 414, 441, 45, 48, 481, 524, 534, 58, 60 min. after the beginning of the 
session. Subjects were required to respond to the critical signals by pressing a button 
and thus switching on a lamp on the experimenter's desk in a Separate room. This lamp 
remained burning until the experimenter switched it off. 


Extra stimulation. Forty-five jokes of between 25 and 72 words length, randomly 
spaced, were projected on a screen, one every 80 sec. The diaphragm of the projector 


Es tarned out of focus, so that reading the print was possible but required considerable 
effort. 


Subjects. Twenty-eight male and female students of Góttingen University volunteered 
assubjects. Allreported normal eyesight (with or without spectacles) and normal hearing 


Capacity. Of these r9 served as "listeners"—these are the ones of interest to us—and 
9 as “readers.” 


Procedure. The task was presented as an experiment on distractability. Contrary 
to fact, readers" considered themselves as members of the experimental group, while 
the ‘ listeners” thought of themselves as controls. 

The listeners” were given the usual vigilance test instruction. They were not 
forbidden to read the jokes, since the experimenter declared that he was “unable and 
unwilling to control whether they read tl 


; 1 e he jokes or not." However, subjects were told 
that it was their task to listen to the Signals, and failure to pay full aention to the 
vigilance task would most probably result in the missing of signals. 

E "Readers" were employed (i) to have a control that the jokes were still readable, 
(ii) to give the “listeners” a plausible and harmless explanation for the projection of jokes. 
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a Dot was the deciphering of the jokes. They were further instructed not to attend 
fie us tones, but to count any critical signals of the vigilance task which they might 
ar by accident. 
The experiment took place in a darkened lecture room. Ten cubicles (two rows of 
five) were constructed using cardboard walls, thus separating subjects completely from 
each other, but allowing them a good view of the screen. Each cubicle contained a fairly 


comfortable chair and a response button. Subjects were tested either in the mornings, 
In fact, only between three and seven 


afternoons or evenings of three successive days. 

subjects were tested simultancously since it proved difficult to recruit more for any one 
particular time. At every session about one-third of those present served as readers 
and two-thirds as listeners. Watches were removed and subjects were asked not to smoke. 

The experiment consisted of the 

(i) Instruction and two 3-min. trial runs o 
signals. 

(ii) A rs-min. practice period 
frequency and to adapt th 
during this period but no Jo 
carry out the listening task. 

ely 5 min. duration, 
and chat. 


following stages: 
Í the vigilance task, each containing four 


1 in order to acquaint subjects with the low signal 
em to the illumination. The screen was illuminated 
kes were presented. All subjects were required to 


(iii) A pause of approximat in which subjects were given an 
opportunity to stretch, stand up, 

(iv) The r-hr. test session. 

(v) An unexpected *"memory-test" in which the exp 
had been presented on the screen and some others, 
subjects had then to complete the jokes. 


erimenter read the jokes which 
up to the punch line. All 


RESULTS 


known to them before the experi- 


Subjects reported that none of the jokes was 
t were not 


ment; and that very few of those they attended to during the experimen 


remembered. 
) have been computed between the 


Biserial rank correlations (Whitfield, 1047 
quence and the dichotomy *remembered/not 


Positions of the jokes in the joke-se > 1 
Eight of the 19 correlations were signifi- 


remembered” for each subject separately. 1 € > 
cant on the 0-05 level. The trend curves representing these eight correlations are 


Shown in Figure r (a). Seven of the significant correlations were positive, (the 
smallest) one negative. The prevailing of the positive over the negative correlations 
is significant (binominial test, ? < 0:05). With one or two exceptions the insignificant 
correlations came from subjects who rea r hardly any of the jokes. 


d either most of o 

Reading trend curves for these subjects are given in Figure 1 (b). They were tested 

Íor non-randomness of the read/not read-sequence by the one sample runs test. 

None of them showed a significant deviation from randomness, the largest value 
Obtained (for the U-shaped curve in Figure I (b)) being z = 1:26, ie. p = 021. 

Of the nine readers, one stopped reading after half an hour because of eye trouble, 

a second one did not read the last five jokes. The others read and remembered 

Practically all jokes (one or another missed one or two jokes at various parts of 


the session). 
A comparison of t 
three groups: 
(i) The four subjects who read many 
(i) The seven subjects who read few jokes throughout. 
tho read few jokes at the beginning and many at the end. 


(iii) The seven subjects W 
ves are given in Figure 2. No significant difference could 


(Kruskal-Wallis-H. — 0:86, p > 0:50) or 


he vigilance performance was made between the following 


jokes throughout. 


b The performance cur 
€ ascertained for average performance 
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FIGURE 1 
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Attendance to task-irrelevant stimuli as a function of time (main experiment). Each 
line represents one subject. 


(a) Significant trends. 
(b) Insignificant trends. 


TABLE I 


Q > c n 
PROPORTION or SUBJECTS DETECTING EACH CRITICAL STIMULUS j 


Number of signal in the sequence 


I 2 3 4 5 6 | g 8 9 10 rr 12 | 
A 1:00 1:00 1-00 1-00 1-00 100 0:80 043 0:63 0:86 ie B 
B O74 1100 1:00 085 0:86 0:93 0:93 oso o73 | 0'58 0:91 0:89 1 
c 0:26 o o O'15 014 907 | —o13 | —oo7 | —oxo | 0-28 oo9 | —0°09 
~ 
Number of signal in the sequence a . 
13 14 15 16 17 18 19 20 2r 22 23 Au di 
A sug | 64 | ozs | eis [wo | ro | moS | uve | roo | o69 | os6 | 0:86 | 
So | 42" | eus 195 [ME | «à | ess | mE | eub | oso | mos | 08 
Cc —o-or 0°24 0:32 0:38 Os o20 | —or2 | ora 014 0:19 OI =10:08 


A: Proportion of subjects ri 


eading the simultaneously presented joke, who | 
detected the signal. 


B: Proportion of subjects not r 
detected the signal. 


eading the simultaneously presented joke, who | 
C: Difference between A and B. i 
l 
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Signals detected 


— Jokes read increased 
— — Many jokes read 


res Few jokes read 


0 Ist 2nd 3rd Ath 


Quart. hour 
Average vigilance performance of subjects who read more jokes at the end than at 


th T arg 
the ne (solid line), subjects who read many jokes throughout (long dashes) and 
who read few jokes throughout (short dashes). 


“most nearly significant” result obtained being for 


t ? : 
he difference between "performance in the first half-hour and performance 1 


second half-hour: Kruskal-Wallis-H = 2:0, $ > 0:30. The overall decrement 
Tabl the first to the second half-hour was significant (Wilcoxon-T = 16:5, < 0-01). 
pr e I gives for each critical signal the detection rate of subjects who read the joke 
t €sented at the same time and of those who did not read it. Subjects who read 
e joke just presented gave à superior performance on 15 of the signals and an 


"iy performance on seven ofthem. However, none of the differences approached 
Enificance. An overall test is impossible, because the measurements are partly 
n in the last row of Table I did not show 


de T 
3 Pens The sequence of differences give 
ignificant trend except a short-wave fluctuation which must remain unexplained 


5 hough it seems to be non-random (if the second difference is considered slightly 
dee than the third, the binominial trend test (Moore and Wallis, 1943) gives a 
= 0-019, if it is considered slightly smaller a $ = 0-086 is obtained). 


Additional evidence 

op similar experiment was 
E 12 "readers." Vigilance 

m ue I5-min. practice perio i 

E the subjects, reading the jokes was fairly easy. 

Indeed. so that 25-50 per cent. of the jokes were not deciphered e 


Teaders,”” 


f 
Or performance decrement (the 


nths before on 18 “listeners” 
test, jokes, and procedure were the same, but there 


d and subjects were not separated by partitions. For 
, for the other half very difficult 
ven by the 


conducted several mo 
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FIGURE 3 
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Attendance to task-irrelevant stimuli as a function of time (preliminary experiment). 
Each line represents one subject. 
(a) Reading relatively casy. 
(b) Reading very difficult. 


Seven significant (p < 0:05) biserial rank correlations between joke position and 
the "remembered/not remembered" dichotomy have been obtained. All of them 
were positive. This result is again significant (binominial test, p < o-or). 

Six of the significant correlations stem from subjects who could read the jokes 


easily, i.e. all but the uppermost and the two lowermost trend curves of Figure 3 (a). . 


One of the significant correlations stems from a subject to whom reading WaS 
difficult, i.e. the uppermost trend line of Figure 3 (b). 

Average vigilance performance did not show a decrement. This may be due to 
the fact that subjects were not isolated well enough, so that extra cues could be 
obtained. Therefore not much weight should be given to vigilance performance 
data in this part of the experiment. Subjects to whom reading was difficult and 
those to whom reading was easy did not differ in vigilance performance. Neither 


was the probability of a subject detecting a signal affected by his reading the joke 
presented simultaneously with the signal. 


> 


DISCUSSION 


Since reading the jokes was neither suggested nor forbidden to the subjects 
(i.e. "listeners") and since the reading was interesting but also exerting it was to 
be expected that some subjects would decide to read all jokes and others none. 
From their behaviour we cannot learn which of our two competing predictions i$ 
correct. It was hoped, however, that one would find subjects whose attendance tO 
task-irrelevant stimuli either increased or decreased during the session. These 
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would be the subjects of interest. In fact, all but one subject read more jokes 
towards the end of the session than in the beginning. This result supports the rein- 
forcement theories at the cost of the activation theory. Of the reinforcement theories 
Broadbent's filter theory states most explicitly, that irrelevant information is selected 
at the cost of the task relevant information in an increasing rate in the course 
of the watch-keeping session. 

As was expected, the easier it was to read the jokes, the earlier and the more 
frequently subjects shifted their attention to these task-irrelevant stimuli. 

McGrath (1963) gave his subjects an album of photographs to look at while 
performing an auditory vigilance task. They reported a decrease of attending to 
the album from about two-thirds of the time in the first quarter of an hour to 
one-third of the time in the two intermediate periods and one-seventh in the last 
IS min. This result is just the opposite of ours, and induced us to repeat the “pre- 
liminary experiment" (see additional evidence) providing for an adaptation period. 
Having obtained the same results as before, we do feel sure that the lack of adaptation 
was not responsible for our subjects not having started to read the jokes right 
from the beginning. Neither can we attribute such a great discrepancy of the result 


to McGrath's subjects being unable to judge the time spent looking at the photo- 


graphs. Our best guess is, therefore, that McGrath’s photographs attracted the 
kes—in contrast to internal 


subjects' attention more than our hardly readable jo 


stimuli, which are the only source of distraction in typical vigilance experiments. 
This may have made subjects look at the photographs right from the beginning, 
especially since this was at least implicitly suggested by the instructions. a s 
subjects apparently lost interest in the photographs fairly d is weis 
having been supplied with jokes only occasionally did not. Ev m. E: n e ha 
graphs, when performed in massed practice, may become inhibitei d uides 
be supplemented by day-dreaming or other activities. This explanation of Mc! 

result would be in line with the reinforcement theories, while it would be more 
difficult to explain the results of the present experiment, if one assumes a reduction 
of arousal level during the watch-keeping session. n 


An alternative interpretation would be, that in the present experiment the effect 


of the warning against the missing of signals, due to the distraction by the dece 
had dissipated as the watch progressed. This would, however, be d x Ma 
the implicit or explicit warnings against diverting attention towards 1 


Stimulation given before every ae ec — 

I s experiment subjects who attended to t ; y 
dling iba un A at least as well in the vigilance task as those Ea in A 
attend to the irrelevant stimuli. Therefore we cannot say Eun E € o E 
tracting stimuli impairs detection. performance, although e xd Pe ct 
deteriorated and attendance to distracting stimuli a as s he watch ym k 
The following three explanations suggesting the need for further research could be 


Presented to explain this fact. 


levant stimuli, at any time 


(1) Subjects who did not attend to the jokes at all nu cingi om 
Occasionally attended to other irrelevant internal or extern Pale — e 
jokes have been attended to in an increasing fashion, the most p "E 1 cma ion 
Would be that attendance to other irrelevant stimuli also increased with time. 


(2) The jokes were project 
them. Those who read the joke 
by increased efforts to detect sign 
resulted in either increased activa 


than subjects needed to read 
s might have compensated their attendance deviations 
als in the intervals, i.e. reading the jokes may have 
tion or dissipation of inhibition, increased novelty 


ed for a longer time 
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of the task stimuli, etc., and consequently in increased vigilance performance. 
Presumably this interpretation would be favoured by Broadbent (McGrath, 1963, 
discussion). 


(3) Subjects might be able to learn in the course of the vigilance session to attend 
to relevant as well as irrelevant stimuli at the same time, i.e. they might learn to 
detect critical signals while being partly occupied with other mental activities. This 
assumption, however, would necessitate a thorough rethinking of the theory of 


vigilance performance and is better discarded until supporting data have come 
forward. 


The author wishes to thank Dr. R. Conrad for his valuable comments and constructive 
criticism. 
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NEGATIVE RECENCY AND EVENT- DEPENDENCE 


BY 


A. H. WINEFIELD 
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In a two-choice situation with event-probabilities of 0-67 a *33, T 7 
wereẸstudied as a function of (a) event dependence and (b ae ee E 
probabilities. The following conclusions are drawn: (1) Belief in some kind of event- 
dependence is a necessary condition for the occurrence of negative recency; (2) Fore- 
knowledge of the event-probabilities does not affect recency phenomena; (3) The behaviour 
of subjects in the two-choice situation, is less irrational than some writers have claimed. 


INTRODUCTION 


One of the most commonly observed sequence effects in the two-choice, probability- 
learning experiment concerns the reaction of subjects to homogeneous runs of one 
event. The typical reaction is to exhibit a decreasing tendency to predict the event 
as the run of it increases. This phenomenon was first reported by Jarvik (1951), 
who called it “negative recency” and compared it with the well known “gambler’s 
fallacy.” However, it seems unlikely that negative recency in general can be 
attributed to belief in the gambler's fallacy. As Cohen (1960) points out, “. . . even 
mathematicians who are perfectly convinced of the independence of the outcomes 
of successive tosses of a coin are still inclined to predict a particular outcome just 


because it has not occurred for a relatively long time in a series of tosses.” 
When subjects display negative recency they are behaving as if events are not 
Occurring independently of one another but as if the occurrence of an event decreases 
the likelihood that it will occur on the subsequent trial. A model fulfilling this 
requirement would involve a finite population from which events are sampled without 
replacement. For example, if subjects were required to predict the outcome of 
Successive drawings of balls from an urn containing red and blue balls when balls 


Were not replaced after being drawn, it would be quite rational for them to display 
he nth trial does reduce 


Negative recency. In this case the drawing of a red ball on t i 
the Probability that a red ball will be drawn on the » + zh trial. at there are 
balls in the urn at the ah trial, R of which are red, then the probability ofa red 
ball being drawn on the n + rth trial is reduced from R/N to R-1|N-1 by the drawing 
of a red ball on the nth trial.) 
tion of red to blue balls in the urn at the outset, and whether or not they 
total number of balls in the urn. Given this information subjects could always 
now the i to blue balls left in the urn and always ch 
oct ds However, if they did not know the proportion of 


Which predomi t trial. 
[Waco t know the total number of balls in the 


Ted to blue at the outset, or if they did no 
urm they could not adopt such a strategy. One would expect them to display negative 


Tecency only if they knew the proportion of red to blue balls at the outset, but did 
Dot know the dee dm of balls in the urn. If they did not know the proportion of 
Td to blue one would not necessarily expect negative recency. In that case they would 


almost certainly attempt to estimate the relative proportion of red to blue on the 

a of what was drawn. Consequently, if a red ball were drawn on the nth ben 

. US might increase their tendency to redict red on the # + Ith trial since it wo 
ee fiia f red balls in the urn., This would lead to 


in : t 
Crease their estimate of the proportion o 
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positive recency. However, the extent to which their estimate would be affected 
by a single drawing should decrease with the numbers of drawings. For example, 
suppose three balls only have been drawn, two red and one blue. One estimates 
that the proportion of red balls in the urn is two-thirds. Whatever is drawn on the 
fourth trial will change this estimate either to three-quarters (if a red ball is drawn) 
or to a half (if a blue ball is drawn). On the other hand, if one estimates that the 
proportion of red balls is two-thirds on the basis of several hundred drawings, one's 
estimate will scarcely be altered by a single drawing. Consequently, if subjects 
do not known the relative proportions of red and blue balls in the urn, one might 
expect them to display positive recency which decreases as the number of drawings 
increases. However, this is not the only reason for expecting positive recency to 
decrease. For in the same way as successive drawings affect one's estimate of the 
relative proportions less and less, thev affect the actual relative proportions more 
and more because the number of balls in the urn is steadily decreasing. Thus the 
drawing of a red ball on a late trial will decrease the likelihood of a further red more 
than it will on an early trial, because there are fewer balls left in the urn. Thus the 
tendency for subjects to display negative recency should increase with successive 
drawings. 

In short, if subjects know the relative proportions of red and blue balls in the 
urn one would expect them to display negative recency to an increasing extent; 
if they do not know the proportions of red and blue one would expect recency effects 
to change in the positive-negative direction with successive drawings. Of course, 
these predictions are based on purely rational considerations and there is very little 
evidence that subjects behave rationally in two-choice probability-learning situations. 
Nevertheless, they do provide some sort of criteria with which to evaluate behaviour. 

The suggestion that negative recency is due to belief in the gambler's fallacy or 
to similar fallacious ideas about randomness and is therefore most likely to occur in 
a situation where events occur independently, is somewhat paradoxical in view of 
the fact that negative recency involves subjects behaving precisely as if events 
were 710 occurring independently. In fact, one is not convinced that negative recency 
has been demonstrated in a situation where subjects genuinely believe events to 
be occurring randomly. Subjects tend to be highly suspicious in most psychological 
experiments and frequently suspect that the experiment’s covert aim is to test their 
intelligence. Consequently, it is much easier to convince them that they are require 
to solve a problem than it is to convince them that they are required to anticipate 
events in a random series. Hyman and Jenkins (1956) experienced this difficulty: 
“We found it easier to convince our subjects that the sequence of colours had 8 
definite structure than to convince them that it was random.” 

Great care must be taken in order to convince subjects that events really are 
occurring randomly. Probably the best technique is to use a device which enables 
the subject to create his own random sequence. This technique was adopted y 
Morse and Runquist (1960) whose subjects dropped a rod on a pattern of parallel 
lines and predicted before each drop whether or not the rod would come to rest 
in contact with a line. Unfortunately, they were interested in probability-matching 
and do not report whether or not their “subjects displayed negative recency. 

In the following experiment recency effects are studied as a function of event- 
dependence and of fore-knowledge of the event-probabilities. The hypothesis was 
that negative recency only occurs when subjects believe events to be dependen 
and that knowledge of the event-probabilities should affect recency effects only 1? 
this case. It is suggested that when events are randomly sampled without replace 
ment negative recency should occur to an increasing extent when subjects are aware 
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of the event-probabilities and when they are not aware of them, recency effects 
should change in the positive-negative direction. When events are randomly sampled 
with replacement no recency effects should occur with or without knowledge of the 
event-probabilities. 


METHOD 


The design was a 2 x 2 factorial, with randomized groups and ro subjects in each 
group. 

The dependent variable was a measure of recency which will be described in the next 
section, and the two factors were event replacement and information of event probabilities. 
Thus for two groups events were replaced and for two they were not replaced; and two 
groups were informed of the event probabilities, and two were not. 

The experimental design and the predictions are summarized in Table I. 


TABLE I 
Events replaced (R) Events not replaced (NR) 
Prediction: Increasing negative 


recency 


Prediction: No recency effects Predictions Change of recency 
effects in positive- 


| negative direction 


EE EN rr 


as Group (LR), Group (LNR), 


| 
| 
Informed (I). . 2 | Prediction: No recency effects 


Not informed (NI) . 


M For convenience, the four groups will be referred to 
roup (NI,R) and Group (NL NR). ; j i i 
All dnbie were veu with a deck of playing cason ig Ace pen ee 
Cards to black was either 2:1 or 1:2. (The ratio was reversed for hi e ae ka 
each group in order to control for colour preference.) On each trial me Nees 
card, predicting whether it would be red or black. All subjects set iis cards 'and 
Groups (LNR) and (NLNR) were presented with a deck of 200 p VUE tet cach. 
one required to turn over one card at a time unti the deck was exhausted. 
rial the card was placed face down on the table. : " 
e ] d k cards and were 
Subjects in Group (I,NR) were informed of the ratio of red iiem of it. However, 


snc h the deck in order to satisfy thems 
ee accor T ing or counting the cards. When they announced that 


they were discouraged from sorti i ri 
they were satisfied" they were asked to m the cards, which were then cut by the 
experi ¿periment commenced. ; : . 
PSubj SN E (NENR) were not informed of a of red to black, but simply 
shuffled the cards which were cut by the ie p a -— Shey — 
i ed in the deck each time. k 
i io of red to black and encourage 
Subj i R) were informed of the ratio 0: I ^ 
to cues vy hy IE Lian in Group (NI,R) were told nothing about the ratio 
of red to black. 


Apparatus 
4 rhich the picture cards 
i i ks of playing cards were used from w er 
ve pe ae ideni a eer decks were compiled, two containing 200 cards 
and peas eed Top rds. In the decks of 200 the ratio of red to black cards was as 
near dede s e d Eds 5 respectively, and in the decks of 30 the ratios were exactly 
2I and r :2. á 


P vocedure 


Subjects were run indiv: 
Who recorded the colour of the C 
The instructions read to each 


idually. Each subject sat at a table opposite the experimenter, 
i ut cards and the subject’s responses. 
group were as follows: 
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Group (I,NR) 

(a) This is a guessing experiment. Here is a stack of playing cards. I want you to 
shuffle it and then, on each trial turn over a card guessing beforehand whether 
the card you turn over will be a red one or a black one. After turning over 
each card place it face down before turning over the next. 

(b) The stack contains twice as many red (black) as black (red) cards and I want you 
to satisfy yourself of this before we start. Examine the cards until you are 
satisfied that there are twice as many red (black). J want vou to genuinely guess 
on every trial. 


Group (NI,NR) 
(a) As for Group (I,NR). 
(b) There may or may not be the same number of red and black cards in the stack, 
but in any case / want you to genuinely guess on every trial. 


Group (1,R) 

(a) This is a guessing experiment. Here is an incomplete deck of playing cards. 
cards. It contains twice as many red (black) cards as black (red). Examine 
the cards. You see there are 30 altogether, 20 red (black) and 10 black (red). 
Count them to make sure. 

(b) On each trial I want you to shuffle the cards and then cut a card, guessing between 
shuffling and cutting whether the card you cut will be a red one or a black one. 
I want you to genuinely guess on every trial. 


Group (NI,R) 
(a) This is guessing experiment. Here is an incomplete deck of playing cards, On 
each trial I want you to shuffle it and then cut a card, guessing between shuffling 

and cutting whether the card you cut will be a red one or a black one. w 

(b) As for Group (NI,NR) substituting “deck” for “stack.” 

The instruction in italics was read with particular emphasis. It was designed to 
discourage subjects from adopting an overall strategy (c.g. choosing one colour all the 
time). This seemed a necessary precaution, since for one group at least—(Group I, R)J— 
the optimal strategy would clearly be to predict the more frequent event throughout, 
and such a strategy would preclude the occurrence of r cency effects. 

The decks of 200 cards used for Groups (I, NR) and (NL,NR) were thoroughly shuffled 
by the experimenter prior to the running of each subject. This is why subjects in Group 
(LNR) who occasionally started to sort the cards while checking through them, were 
requested by the experimenter not to do so. i 


Subjects 
Forty subjects were used, 10 in cach group. For five subjects in each group the ratio 
of red to black cards was 2:1 and for the other five it was 1 19. 
" Th subjects were all students from the Psychology Department at University College 
ondon. 


RESULTS AND Discussion 


Recency effects are usually represented by means of a group curve in which 
percentage of predictions is plotted against length of run. This method of repre- 
sentation has the following disadvantages: (I) it obscures individual differences; 
(2) it does not provide a way of measuring recency effects; and (3) each point on the 
curve is based on a successively smaller number of observations (the length of a run 
is inversely related to its likelihood of occurrence), and hence, on a successively 
more unreliable estimate. 

An alternative method of representing recency effects would be to classify all 
runs as either "short" or "long" and calculate a score for each subject based on 
his percentage of predictions following each kind of run. For example, suppose 
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a subject predicts an event 70 per cent. of the time following short runs and 40 per 
cent. of the time following long runs. By subtracting 70 from 40 one obtains a 
score of —30. The sign of the score indicates that the subject has displayed negative 
Tecency. Of course, this is a crude method since it only distinguishes two kinds of 
run, but it does provide a way of assigning a recency score to individual subjects 
and thus enables recency effects to be measured. 

The recency scores presented below are calculated by comparing runs of I, 2 and 3 
against runs of 4 or more for the more frequent event, and runs of 1 against run 
of 2 and 3 or more for the less frequent event. 

- iin presenting the results the predictions outlined earlier will be summarized 
rie 5 e 
Group (LNR). Negative recency throughout, increasing. 
Group (NI,NR). Recency effects should go in the positive-negative direction. 
Group (LR). No recency effects. 
Group (LNR). No recency effects. 
Mean recency scores on the more frequent event are given in Table IT. 


" TABLE II 
Recency scores Recency scores 
Recency scores trials 1-100 trials 101-200 
Mean SD Mean Mean 

Group (I,NR).. ..| —18-00 9:96 —20:80 = 
Group (NLNR) „| —2560 26:12 — 26:00 i x 
2toup (LR) .. 3:60 8:04 8:30 E 
Group (NI,R).. epo —770 24:85 —4'20 — 11:00 


ong NEN DERE ERAN m quae ue ue  —— 

Table II shows that the predicted changes for Groups (LNR) and (NI,NR) xus 
not occur. For both groups the mean recency scores were slightly greater over the 
Second hundred trials than over the first hundred. However, the other predictions 


neq / i i i rried out which showed a significant 
onfi alysis of variance was cai l : 
i eet en , een “information” groups, 


erence between “replacement” groups, but not betw in Tit 
and no significant interaction. The results are given in Table 11}. 


TABLE III 


a OOOO A al 
| F 


Source of variation Sum of squares | d.f. | Var. est. 
p 40 N.S, 
Between information levels 893:00 E ws a ma - n 
poo ema replacement levels 3901:00 T uc ECT 
rmatio vis 34°23 23 
hi n x nace " 14636754 36 40657 = 
Total ee 19464°77 39 = = 


nt nonhomogeneity of variance between the 
and because of this, in calculating £ ratios to 
(LNR), (LR) and (NLR), the standard 


A Bartlett test showed significa 
Stoups (B = 1628, 3 d.f., p< 0:01) 


test t] 5 
he recency predictions for Groups : : 
error in each case was based on the group Variance instead of on the residual variance. 


For Groups d (NI,R) three ¢ tests were carried out against a 
ps (LNR), (LR) and (NI, es air 
null hypothesis [us A ed For Group (LNR). the value of ¢ was 5:42, giving a 


2 
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one-tailed p < 0:0005 (9 d.f.), and for the other two groups the value of ¢ was less 
than unity. Thus the prediction that Group (LNR) would display negative recency 
and that Groups (LR) and (NI,R) would display no recency effects was confirmed. 
In addition, it may be noted that all subjects in Group (LNR) had negative recency 
scores whereas for both other groups half of the subjects in each group had negative 
scores and half had positive scores. 

No prediction was made concerning the overall recency effects for Group (NI,NR). 
It was only predicted that the recency effects would change in the positive-negative 
direction. The change did not occur, but this group displayed a high degree of 
negative recency throughout. Thus it would appear that regardless of whether 
subjects are informed of the event probabilities, when events are replaced they 
display no recency effects and when events are not replaced they display negative 
recency. 

In Figures 1 and 2 the recency effects are represented in the usual way, group 
curves plotted for runs of 1 to 7 (runs of 8 and more are omitted owing to their 
relative infrequency of occurrence). It is seen that for Groups I and 2 the curve 
rises slightly before dropping. This seems to be a fairly common finding. Restle 
(1961) in comparing predictions from his "schema" theory with results from three 
experiments in which negative recency occurred, noted that in all three experiments 
the probability of an event being predicted was greater following a run of 2 than 
following a run of 1, although it decreased consistently for run lengths greater than 2 
(Jarvik, 1951; Bush and Morlock, 1959; Goodnow, Rubenstein and Lubin, 1960). 
There seems to be no obvious explanation for this finding. 


FIGURE 1 
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Group (1,R) 
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Per cent. predictions 


Group (NI,NR) 
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Percentage of prediction of more frequent event as function of length of run. 
Trials 1-100. 
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Per cent. predictions 


Group (NI.R) 
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Length of run 
e frequent event as function of length of run. 
Trials 101-200. 


It is also seen (Fig. 2) that for Group (LR), over the second roo trials, the response 
Probability is highest following runs of 6 and 7. This is a curious finding, but is 
Probably attributable to chance, since these values are based on a relatively small 


number of cases. 
" In experiments where one event occurs more often than the other the author 
om discusses recency effects in relation to the less frequent event. Presumably 
os is because the less frequent event tends to occur in short runs only; for example, 
n this experiment runs of 4 or more on the less frequent event were very uncommon. 
hus, if recency effects are defined as à gradual increase or decrease in response 
Probability as a function of length of run, it is necessary to have more than three 
Tun lengths in order to represent them satisfactorily. 
In this experiment, recency effects on the less frequent event were measured by 


comparing response probabilities after runs of I with those after runs of 2 and 3. 
€ mean recency scores 


for the four groups were: 
Group (LNR), 100; Group (NLNR), —7:36; 
Group (LR), — 5:60; 


Percentage of prediction of mor 


Group (NLR), —3:20. 

that none of the groups displayed negative recency on 

a it will be remembered that the recency scores 
ere calculated in a different way from those on the more frequent event. Had 


it ine: d scores on the more frequent event been based only on runs of 1, 2 and 3 
Possible that no recency effects would have been apparent. In fact, this is quite 


It would appear from this 
€ less frequent event. However 
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likely, since the groups which displayed negative recency, Groups (LNR) and 
(NLNR), showed a stronger tendency to predict the more frequent event after 
runs of 2 than after runs of 1. 

When the recency scores on the more frequent event were calculated in the same 
way as those on the less frequent event, by excluding runs of 4 or more and basing 
the scores on a comparison of the response probabilities after runs of 1 with those 
after runs of 2 and 3, the mean recency scores were: 


Group (I,NR), —3:20; Group (NI,NR), —2':70; 
Group (LR), 2:70; Group (NLR), —4:20 


Clearly, when recency scores are calculated in this way there is no evidence of 
the negative recency which the previous analysis yielded. It follows from this that 
one can assert nothing about recency effects on the less frequent event, because 
it only occurred in short runs. Had it occurred in longer runs similar recency effects 
to those on the more frequent event might have been observed. To achieve this 
would have required a much longer series of trials, or else a rigged one. 

In general, several of the predictions were not supported, and since these were 
based on purely rational considerations it seems reasonable to conclude that subjects 
do not behave entirely rationally in the two-choice situation. However, they do 
not seem to behave as irrationally as some writers have claimed, inasmuch as they 
do not display negative recency in anticipating events in a series which they can see 
is random. Belief in some kind of event-dependence would appear to be a necessary 
condition for the occurrence of negative recency, although whether this covers any 
kind of event-dependence remains to be seen. All that has been shown here is that 
subjects display negative recency when confronted with a particular kind of event- 
dependence; moreover, one which makes it rational to display negative recency, 
and that when events are clearly independent they display no recency effects. 


This research was carried out at University College London as part of a Ph.D. investi- 
gation, written in 1962. The author is indebted to Dr. A. R. Jonckheere for his advice 
and criticism in connection with the research. 
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SHORT-TERM RECOGNITION MEMORY FOR SINGLE 
LETTERS AND PHONEMIC SIMILARITY OF 
RETROACTIVE INTERFERENCE 


BY 


WAYNE A. WICKELGREN 
From the Department of Psychology, Massachusetts Institute of Technology 


a since ne, I2 letters produces more retroactive interference in recognition memory for 
letter t5 2 er when the interference letters possess a vowel sound in common with the 
do not i E remembered than when they do not. Compared to interference lists that 
rememb meade the presented letter, inclusion in the interference list of the letter to be 
Noel (S Le improves recognition memory when the other interference letters have no 
recognition in common with the letter to be remembered, but not otherwise. False 
with the p rates are greater when the test letter contains à vowel sound in common 
The sp Piesentep letter than when the vowel sounds of these two letters are different. 
indicate us are in complete accord with analogous findings for short-term recall and 

hat short-term recognition memory uses the same phonemic-associative memory 


Sys 
ystem as short-term recall. 


INTRODUCTION 

tters, digits and words are coded in short-term 
ombinations of vowel and consonant phonemes. 
hose pronunciation ends in e" (B, C, P, T; V) 
d letters whose pronunciation begins 


- Recent evidence suggests that le 
Im not as atomic units, but as C 
nrad (1964) established that letters w 


t : 
HE to be confused with each other in recall an 1 l 
&" (F, M, N, S, X) tend to be confused with each other in recall. This was 


cw even though the letters were presented visually at a rate of 0:75 sec. [letter 
Wi Er conditions where the probability of perceptual error was known to be negligible. 
; y relgren (19658) replicated these findings for "€" and *&" letters under somewhat 
i ferent conditions and found the same relationship between acoustic similarity and 
Dtrusion errors for other vowel and consonant similarities. The relationship between 
acoustic similarity and intrusions occurred not only in intrusions of letters for letters, 
Ut also in intrusions of letters for digits and digits for letters. ; 

A second line of evidence in support of the functional importance of phonemic 
Coding in short-term memory is a study by Conrad and Hull (1964) which found that 
ists of letters with a common vowel sound were more difficult to recall than lists of 
etters with different vowel sounds. Similar results were obtained with lists of words 
9f similar versus dissimilar pronunciation (Conrad, 1963). à 

The functional significance of phonemic units in short-term memory 15 further 
Supported by the finding that proactive and retroactive interference in short-term 


recall are affected by the acoustic similarity of the interfering material. Wickelgren 
1 ence list containing no letters in common with 


(19650, 1966) found that an interfer 
i £ the interference letters had the 


€ correct letter(s) produced greater interference i 
Same vowel sound ("'&" or «g”) as the correct letter(s) than if the interference letters 
ad a vowel sound different from the correct letter(s). The findings of these studies 


ig interpreted in support of the hypothesis that there is only one internal repre- 
oe of any particular phoneme in short-term memory, regardless of the number 
times that phoneme is presented in the same or other letters. Thus, there 5 only 


One i ? PEE E : m 
* internal representative of "&" and only one internal representative of “8.” 


W. 


56 QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY 


When any “ë” letter (B, C, D, E, G, etc.) is presented, this one internal representative 
of “e” is activated, along with the internal representative of whatever consonant 
accompanied the vowel "&."* According to this theory it is clear why an interference 
list composed of “©” letters should produce more retroactive interference in the 
recall of other “é” letters than an interference list composed of “č” letters, and 
vice versa. If the interference list activates the same vowel representative as the 
original list, then associations will be formed between this vowel representative and 
consonant representatives in both the original and interference lists, and these 
associations will compete with each other. If the interference list activates other 
vowel representatives, this type of associative interference will not occur. 

It seems difficult to account for the present findings and previous findings on 
phonemic similarity without assuming that items are coded in short-term memory 
as sequences of phonemes, at some level of analysis. Naturally, we cannot say from 
these data whether the phoneme is the ultimate unit of coding in short-term memory. 
The results of Miller (1956) and Miller and Nicely (1955) indicate that in auditory 
recognition of vowels and consonants there is a level of analysis beyond the phonemic 
level, namely distinctive feature analysis. It may be that the distinctive feature 
is also a more basic unit of coding in short-term memory, and perhaps there are 
levels of analysis even more basic than distinctive features. The present findings 
indicate only that, whatever the most basic units are, these basic units combine to 
represent phonemes, which in turn combine to represent letters, digits, words, etc. 

All of the previous studies of acoustic similarity and short-term memory have 
studied recall. The purpose of the present study is to determine if analogous effects 
of acoustic similarity can be established for short-term recognition memory. This 
is motivated by two hypotheses: first, the phonemic coding hypothesis just discussed 
and second, the hypothesis that recall and recognition are two different ways of 
using the same memory system. 

Although it may seem natural to assume that the trace used in recognition is 
no different than the trace used in recall, this is not a logical necessity. There are 
at least two ways in which the underlying trace might differ for recognition and 
recall. First, if a subject knows prior to learning what the retention test will be, 
he may store items differently. Second, whether or not he knows the retention test 
in advance, traces may always be established in several different memory systems; 
one of which is used in recognition and another of which is used in recall. 

Existing evidence supports the hypothesis that recognition and recall use the 
same memory system. Number of presentations, proactive interference and retro" 
active interference affect recognition memory in the same way that they affect reca 
(Egan, 1958; Peixotto, 1947; Postman, 1952; Florés, 1960; Shepard and Teght- 
soonian, 1961). However, there are several, rather different, procedures for studying 
recognition, and one should be cautious in generalizing results from one procedure 
to another. It may make some difference whether one is asked: “Did you ever see 
this item before?", “Did you see this item in that list you saw at such and suc 
a time?”, “Which one of these » items was in that list you saw at such and such 2 
time?”. “Which ones of these » items were in that list you saw at such and such 
a time?", "Which of these two items did you see more recently ?"', etc. 

The present experiment on recognition memory used the question, “Did you 
see this item in that list you saw before the interference list?”’, and the list before 
the interference list consisted of just one letter. In addition, subjects were require 
to indicate the confidence they had in their “yes-no” decision on a five-point ratin£ 


* Complex syllabic nuclei, such as e (|iyl), will be called phonemes in this paper. 
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scale. i " - 

"-— s e enables one to compute nine points of a “memory operating 

ee n Pe a can e) for each recognition condition and thus control for 

Se ie Ca rate when studying correct recognition rate. Rather 

veis ions of the use of the operating characteristic in studies of recognition 
y are to be found in Egan (1958) and Norman and Wickelgren (1965). 


Procedure METHOD 
The procedure for each trial w: s ss: i 
ae esant s rial was as follows: One sec. after a ready signal, a single 
ue ann gong cg oe after o:5 sec. by a tone and then the lone list of 1: qua 
and, after [us XA rate of o5 sec./letter. The interference list was followed by a tone 
thought i A sec., by a single letter, to which subjects were to respond yes” if they 
thought E e est letter was identical to the originally presented letter, and ‘‘no,”’ if they 
alsó inst he test letter was different from the originally presented letter. Subjects were 
SERMO ructed to indicate confidence in their decision on a five-point scale, where "5" 
inen. a confidence" and “1” meant “least confidence.” The presented letter, the 12 
The Tae letters, and the test letter were to be copied as they were being presented. 
gives "pr letter was to be covered immediately after being copied. Subjects were 
required sec. in which to make their decision and indicate their confidence, so a trial 
d about 20 sec., followed immediately by the next trial. The entire experiment 


was ri : i 
ecorded on tape and lasted approximately 50 min. 


Design 
- here were 36 conditions in the experiment. Two types of presented letters were 
N.S č” letters (B, C. D; E, G; R T; Y. Z-pronounced “zee”) and “č” letters (F, L, M, 
lette , X). Three types of test letters were used: (1) the presented letter, (2) a different 
er, from the same acoustic class as the presented letter, and (3) a different letter, from 


t : : 
he other acoustic class (different class). Six types of interference letters were used: 
ented letter not included; (2) different 


sea acoustic class as presented letter, pres ; a 
S e class from presented letter, presented letter not included; (3) both acoustic 
present in of the interference letters from the "e" class and six from the “č” class), 
inclu ded letter not included; (4) same acoustic class a$ presented letter, presented letter 
Descent TT least once; (5) different acoustic class from presented letter, except that the 
includ A letter was included at least once; (6) both acoustic classes, presented letter 
anes at least once. Subject to the above restrictions, the interference sequences were 
the d ucted by drawing randomly with replacement from the populations indicated in 

efinition of the conditions: 
in ques were 38 M.LT. undergraduates taking psychology cou i 
a € experiment as part of their course requirements. Subjects were run in three 
NUpresimtebyr equal groups; every subject being tested in all 36 conditions. Conditions 
ra randomly ordered in blocks of 36 trials, and there were four blocks in the experiment, 
r à total of 144 trials. 


rses who participated 


Analysis 
b Let us consider a rather general two-stage model of the recognition process in which 
oth a memory and a decision’ system operate to determine the response. All items, 
be characterized by @ real-valued strength 


presented or not presen: : 
memory. The decision system maps these strengths on to responses by comparing 


is Strength of the test item with some criterion value. Items that exceed the criterion 
aon a response of “yes, i non-presented items and 
add a “no” response. ‘according to this reasoning, ons cont 
wie aes By forcing the subject to vary his bias (and thereby his criterion strength) 
EN ile holding the presentation conditions constant (and, hopefully, holding constant his 
ee of the items), one can trace out the relative strengths of the distributions of 
oe and non-presented items. The relation between correct and false r iitiot 
ites will be referred to as the memory operating characteristic (MOC curve), which is 
t ROC curve) in signal detection 


d S rd 
irectly analogous to the receiver operating characteristic ( 


eory. 
In the binary choice experiment just described each poi 
ich the subject’s bias to say 


ise E É 
Ssentially a separate experiment in wh 


nt must be obtained in what 
“yes” is manipulated 
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by changing his instructions or pay-offs. Fortunately, a more economical technique has 
been developed (Egan, Schulman and Greenberg, 1959; Pollack and Decker, 1958). After 
making his binary decision a subject can indicate his confidence in that decision on à 
rating scale. We interpret his confidence as a direct reflection of the strength of the item 
along a unidimensional scale from a “most confident yes" to a “most confident no. 
This permits us to get several points of the operating characteristic in one experiment. 
To each test item a subject must respond with one of ten decision-confidence pairs. 
Leti = 1,2,..., 5, 6, .. ., 10 represent “yes” with confidence ‘ (greatest confidence), 
“yes” with confidence "4," ..., “yes” with confidence “1” (least confidence), “no” with 
confidence "1," ..., "no" with confidence "5." Let f,(x) represent the total frequency 
(over all four blocks and all 38 subjects) with which response i occurred in condition 4. 
10 


Let r(x) = fi(x)/ f(x) represent the relative frequency with which response i occurred 
i=l i 


in condition x. Let R,(x) = Xr,(v) represent the cumulative relative frequency with 


which responses r through i occurred in condition x. The MOC curve is a plot of R(x) 
the (correct) recognition rate for some condition in which the test item is the same as 
the presented item, against R,(y), the (false) recognition rate for some condition in which 
the test item is different from the presented item. d 
In common sense terms, it is relatively meaningless to compare conditions with 


respect to correct recognition rate (correct ''yes'" responses) unless you also compare 
the conditions with respect to false recognition rate (incorrect "yes" respons If one 


can obtain correct recognition rates for several different values of the false recognition 
rate, then one can plot an MOC curve for a condition and compare that curve to the 
MOC curve for another condition. If one curve lies above the other curve, then recognition 
memory is better in the condition with the higher MOC curve. The confidence judgement 
technique allows one to determine one point on the MOC curve for each possible cut-off 
along the decision-confidence continuum. In this experiment there are ten decision- 
confidence pairs, hence nine cut-offs and nine points on the MOC curve for each condition. 


RESULTS 
Similarity of interference letters 

The most appropriate estimate of the false recognition rate for each of the inter- 
ference conditions comes from the condition in which the test item is different from 
the presented item, but from the same acoustic class. Using the condition in which 
the test item is from a different acoustic class would be confounded by possible 
differences in the false recognition rate for different classes of letters. Therefore, 
throughout this section "false recognition rate" will mean the “false recognition 
rate for the condition in which the test item is different from the presented item, 
but from the same acoustic class.” 

Figures 1A and 1B plot the correct recognition rate against the false recognition 
rate (MOC curve) for each of the six interference conditions averaged over the two 
presented letter conditions. Figure rA contains the MOC curves for the three 
conditions in which the presented letter never occurred in the interference list; 
Figure 1B contains the MOC curves for the three conditions in which the presented 
letter occurred at least once in the interference list. In both Figures rÀ and 1B 
recognition memory is superior when the retroactive interference is composed of 
acoustically different letters than when it is composed of acoustically similar letters. 
In both cases the condition with half similar and half different letters is intermediate 
in recognition memory performance. Retroactive interference in short-term recog- 
nition memory is clearly a function of the acoustic similarity of the interfering 
materials, the relationship being greater interference with more similar material. 

Unfortunately, no statistical test has been developed to determine if two operating 
characteristics are significantly different. However, it is possible to give an approx- 
imate idea of the reliability of the difference between two operating characteristics 
by applying the Kolmogorov-Smirnov two-sample test to the correct recognition 


ee E Q€—"À 
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i This is not completely valid since it does not 
take into account the error in estimating the false recognition rates. Fortunately, 
all the paired comparisons are in the same direction, and many of them are highly 
significant by this test. In Figure 1A, the o per cent. similar condition has a 
significantly greater correct recognition rate than the roo per cent. similar condition 
at equal false recognition rates (D = 014, $ < 0°01, two-tailed), but the other two 
paired comparisons are not significant. In Figure 1B, the o per cent. similar condition 
is significantly superior to the 50 pet cent. condition (D = 0°13, $ < 001, two-tailed), 
the 50 per cent. condition is significantly superior to the roo per cent. similar 
condition (D = 0:24, p < 0°00I, two-tailed), and of course, the o per cent. versus 
100 per cent, comparison is significant at well beyond the o-oor level. 


rates at equal false recognition rates. 
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Comparing the curves in Figure 1A with those in Figure 1B demonstrates that 
including the presented letter in an interference list composed of acoustically different 
letters improves later recognition memory, but including the presented letter in an 
interference list composed of acoustically similar letters is of little or no benefit to 
later recognition memory. The mixed interference is again intermediate. These 
results may be explained as follows. First, the occurrence of the presented item 
in the interference list very likely aids later recognition memory only when subjects 
recognize it as the presented letter at the time of its occurrence in the interference 
list. Second, recognition of the presented letter is more likely after different letters 
than after similar letters, as already established. Viewed in this manner, the com- 
parison of Figures rA and 1B provides further support for the hypothesis that 
retroactive interference in recognition memory is a direct function of acoustic 
similarity. 


Similarity of test letter 


Table I presents the cumulative false recognition rates for the similar and different 
test letter conditions, averaged over the two presented letter conditions and the 
six interference conditions. A chi-square test on the frequency of “yes” versus “no” 
responses in the two false recognition conditions is significant at the o-or level 
(x? = 9:27). Since all letters are equally probable in the two conditions, when 


TABLE I 


CUMULATIVE FALSE RECOGNITION RATES FOR SIMILAR AND DIFFERENT 
TEST LETTERS 


(R(x) in percentage) 


| 
v4 | ES | Y2| Yr | Nr | N2| N3 | N4| N5| N 


Similar cT «| T6 


78 | 5:2 | 7-0 | 86 | 11-3 | 14-1 | 22-0 | 32-8 | roo | 1740 
Different .. aal 06 ái i 
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averagei z c 

ve n E. all kg of the other two variables in the experiment, we cannot 

a ` this result to intrinsic differen in fal ü f 

a niti ces in false recognition rate for different 

: asses. hus we conclude that a test letter si 5 

€ Hd à possessing a vowel 

tur o with the presented letter is more likely to be rd ee 
etter possessing no phoneme in common with the presented letter. 


Nature of the presented letter 

xs poe po the MOC curves for EM letters and “č” letters, averaged over 

2 M : E es letter conditions and using test letters from the same acoustic 

i edm bere the-false recognition rate. Recognition memory for “ë” letters is 

duis ae a Soe recognition memory for ''6 _ letters. This is in line with the 

dan d ickelgren (19654) that free recall is better for “ë” letters than for 
etters. This result might be due to the size of the confusion class or countless 


other factors, and nothing more definite can be said. 
í 


DISCUSSION 


"X ge the memory system, acting on whatever cues are given, must produce 
mie item. In recognition, the memory system, acting on the test item, must 
ie a: y yes-no decision. The stimulus conditions of the original presentation 
veda entical in the two cases. The stimulus conditions at the time of retrieval 
is iously different in the two cases. The question presently at issue is whether 

same memory system is used to produce above-chance performance in both cases. 


To the extent that recall and recognition memory are affected in the same manner 


by the same variables, it is parsimonious to assume that both use the same system. 
"hs present experiment establishes that the acoustic similarity of retroactive 
Short iem affects short-term recognition memory in the same way that it affects 
di erm recall, namely, greater interference from similar material than from 
ifferent material. 
eo that an acoustically similar 
that an acoustically different test item is anal 
Wi intrusions tend to be acoustically similar to t 
ickelgren, 19650). One could say for both recall and recognition mi 


Positives tend to be acoustically similar to the correct item. 
Finally, “g” letters are r z” letters under either the recall 


emembered better than EE 
Or recognition testing proce son between the results 


Pi dures. Every possible compari 
of this experiment and previous experi 


test item produces more false recognitions 
analogous to the finding in recall experiments 
he correct item (Conrad, 1964; 
emory that false 


ments on recall supports the hypothesis that 


Short-term recall and recognition use the same memory system. 
bi This work was supported primarily by, grant, MH 08890-01, from the National Institute 
Mental Health, U.S. Public Health Service. Further aid was received from grant, 


MH 05673-03, to Hans-Lukas Teuber. 
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SUSCEPTIBILITY TO THE MÜLLER-LYER ILLUSION 
AND ITS 
RELATIONSHIP TO DIFFERENCES IN SIZE CONSTANCY 


BY 
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bility to the Miiller-Lyer illusion is the result of normal 
as submitted to direct test. No significant correlations 
between ‘illusion error and size constancy estimates were obtained. Also invalidated 
Were hypotheses that under-constancy is correlated with non-susceptibility to the illusion, 
and that over-constancy is correlated with greater illusion error. The results suggest 
that an approach to the explanation of illusion effects by means of analysing individual 
differences in size constancy, in intelligence and preferred “perceptual style," might be 
fruitful. Some tentative suggestions are made concerning the role of perceptual inference, 
abstraction and analysing. 


. The hypothesis that suscepti 
Constancy scaling, misapplied, w: 


INTRODUCTION 

The hypothesis that the optical illusions are a special case of processes which 
also operate in size constancy judgements has recently received renewed attention 
(Tausch, 1954, 1955; Gregory, 1903. 1964, 1964D). Gregory's statement of this 
relationship with which this study has been specifically concerned is that "The 
ilusion figures may be thought of as flat projections of typical views of objects 
lying in three-dimensional space . . .," and, that those parts of the illusion figures 
. corresponding to distant objects are expanded and the parts corresponding 

to nearer objects are reduced" (1963, P- 678). He infers that perceptual behaviour 
in relation to the illusions is thus similar if not identical to that operating 1n the 
estimation of size over distance, and that the two parts of the Müller-Lyer figure 


wll in fact be perceived as, say, corners of a house or a room in the proximal and 
to develop an ingenious experr 


distal ie -i ri ; proceeded 

position, respectively. Gregory proceeded é : m 
Mental condition in which the postulated close relationship between size and ee ed 
depth of the illusion could be verified. He found a correlation of about 0-9 etween 


the two parameters, and produced curves showing a very close match indeed between 
Size of the illusion and perceived depth of the illusion figure (Gregory, 1965). 

A partial explanation of the visual illusion in terms of constancy scaling was 
also given by Thurstone (1944) in his massive factorial exploration of perceptual 
Processes, but this remained invalidated by the absence of significant correlations 
A constancy. Apart from the 


etween -jgual illusions and the index of size 
apu eee Thurstone's findings would 


Medium-sized correlations between the different illusions, e » WOU 
Seem to be noteworthy because of the correlations between the Müller-Lyer illusion 


9n the one hand, and the Gottschaldt hidden figures and spatial intelligence on the 
Other, The former finding forms part of the reasoning of Gardner (1961) in his 
attempts to account for susceptibility to the illusions in terms of field articulation 
and scanning. These processes are part of the system of cognitive control dimensions 
Which have been postulated by investigators at the Menninger Foundation in attempts 
© define individual differences and intra-individual consistencies in perceptual 


Operations. 


64 QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY 


Inquiries into individual differences in responses to illusion figures may be 
considered overdue. Since the phenomena possess considerable universality which 
have defied many previous attempts at explanation, differences in degree of suscepti- 
bility to the well-known situations may provide a new avenue of attack. In the 
past, individual differences have been frequently ignored, as have been individual 
differences in, e.g. reaction times, apparent movement and also the constancies. 
Gregory, too, has remained silent on the question of individual differences, an approach 
that is shared by Tausch (1954, 1955) and the Japanese investigators as summarized 
by Oyama (1960). The involvement of individual differences when considering & 
postulated relationship between size constancy and susceptibility to the illusions 
would seem to be particularly pertinent in view not only of Thouless's findings of 
various kinds of individual differences in perceptual constancy (19314, 19315, 1932); 
but because of more recent findings of individual and group differences in size con" 
stancy between normal subjects and subjects with abnormal types of behaviour 
(e.g. Raush, 1952; Crookes, 1957; Perry, 1961; Hamilton, 1963). While the notion 
of individual differences is inseparable from the predictions of a co-variant relation- 
ship between degree of illusion and degree of size constancy, a direct test of this 
hypothesis does not appear to have been carried out since Thurstone's study. Given 
Gregory's hypothesis it was felt that this kind of direct test was mandatory. 


METHOD 
Apparatus 


Size constancy was assessed in relation to three standard objects, a white rod, a white 
square in the diagonal presentation and a standard sized playing card. The variable 1? 
the case of the square was a manually operated diamond, variable in size and adjuste 
by the experimenter according to instruction from subjects; for the other objects the 
variable was a white rod, operated by means of a handle by subjects. The size estimates 
with which we are concerned here were carried out under full cue conditions OD a 
table painted matt black 3-10 m. long, 70 cm. wide and 79 cm. high. Distances between 
the subject and the standard and variable were 1 m. and 3 m. respectively, when 
subject's head was resting in a chin rest. The horizontal angular separation between 
standard and variable was fixed at 5?, this being the smallest angular separation es 
which Joynson (1958a, 1958b) obtained close to constancy judgements. Because of E: 
angular closeness of standard and variable, the variable was permanently raised giving 
a vertical angular separation of roughly 7°. The veridical, objective sizes of the standar z 
were 15 cm., for diamond and rod, and 8:9 cm. for the playing card. Each subject moa 
four judgements or settings for each object, starting twice from the minimal position 9 
the variable and twice from the maximal position, with the starting positions alternati” 1 

The Miiller-Lyer apparatus was of the traditional sleeve and slide pattern. The cen tia 
standard line was 7:5 cm. long, the arms of the angles were 2 cm., and the size of al 
fin angle was 60° for the standard and 300° for the variable, internal and exter e 
respectively. The maximum extent of the central variable line was 10 cm., anc . ct 
maximum measurable error of over-estimation of length was 53 per cent. Each sub)? 
manually made eight “equality” settings of the variable, i.e. that part of the figure v 
one non-arrow-form end. For the starting position of one series of four adjustmen 5 o 
variable was extended to its maximum, while the starting point for the second series | 
four adjustments was from the point of minimal extension of the variable. In each S07 
of adjustments the variable occupied successively the position of the four compass po 
in relation to the standard. No attempt was made on this occasion to control for O“ se 
effect in the sequence of orientations and directions of adjustment. The constant sequen”, 
of orientations of the variable in relation to the standard was “East,” "North," “Wes i 

South," and minimal extension of the variable preceded maximal extension. t 
adjustments were made with the apparatus lying on a table in front of the subject 2° — 
comfortable “reading” distance holding the standard end in one hand and the variable 
f 


end in the other. 
The data are expressed in terms of per cent. error, i imation 9 
E re © . , ie. E -estimatt 
the variable with its large external fin angle in relation i ie paces its small 


= 


e dn — Size constancy judgements were expressed simply in terms of raw 

a d e : and per cent. error in relation to veridical standard size. Any form 

een sion o the raw data was considered an unnecessary exercise which would add 
hing of material value to the present findings. 


Instructions 


Considerable efforts were made to obtain a homogeneous attitude towards the size 
apparent size approach. Subjects 


constancy estimates and to minimise the analytic or 
a told that they were to carry out objective equality matchings so that standard 
E variable would be the same size after adjustment if they were put side by side or 


if they were measured. Since the subjects were children, some of them of low intelligence, 
f a ship out at sea and the same ship 


«d pers given in the instruction the example o 

ee o shore to demonstrate the general idea of the relationship between perceived 

Kh and distance. Instructions with variations on this theme were continued until 
ere appeared to be a general grasp of the relationship where it had not been present before. 

b For the Müller-Lyer illusion the instructions for equality adjustments appeared to 
unequivocal for the subjects, but several had to be asked not to make snap decisions, 


and to make their responses carefully and after reflection. 


Subjects 
A necessary requirement of the study was to have available an experimental group 
Showing considerable variance in their size constancy responses because this would 
increase the probability of obtaining a significant correlation between the two variables. 
he the basis of considerations not pertinent to this report, and on the basis of other 
ndings by the writer of individual differences in size constancy, it was predicted that 


children of low intelligence, attending a school for the educationally subnormal would 
‘hich finds expression in full size con- 


not have achieved the degree of cognitive maturity v 

stancy responses normally considered to be available in children by the age of 1o (e.g. 
Vernon, 1952). For this reason children from a secondary modern sc a s 
from a school for the educationally subnormal were used as subjects. Since sex is known 
to interact with size constancy (e.g- Thouless, 1932; Crookes, 1957) only boys were used. 


Table I shows the basic statistics of the subjects. 


TABLE I 


LQ.* 
SS 
Mean S.D: Range Mean S.D Range N 
Medea e — Mil. E 
Non-E.S.N. ..| 952 9:07 82-112 ma | Oe. | Bese Me 
SS = 
ESN. | 741 5:35 65-85 0:66 11:4-13:6 20 


* See text for test data used. 


A word is required concerning the validity of these L.Q.s. Assessments for the 
Specific purpose of this investigation were not practicable. The secondary modern school 
ear in the secondary school, and the available 


Children were, however, in their first y! i 
eared to offer a sufficiently 


Moray Ho tients from the so-called intelligence paper app 
(drama m cula ld have been obtained on another verbally loaded test. 


&ood approximation to what wou 
For SEE GN. ehiren the last individual intelligence test results in the school medical 
tly accepted. On subjective impression sone of 


Officer's records was somewhat reluctan i ; 
for some of the subjects. Basically, however, the 


these were a little on the low side 1 j I Y t 
Samples were undoubtedly widely different in ability, and there is, of course, in addition 
the operational definition of this difference in their different scholastic placements, where 
for the secondary modern school boys, the low I.Q.’s were from subjects in the B and C 


Streams of their year. 
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HYPOTHESIS 


The main purpose of the present experiment was to test out directly the postulated 
relationship between degree of illusion shown with the Müller-Lyer figure and degree of 
size constancy. Gregory has shown that with certain experimental conditions and 
instructions there exists a close co-variance between degree of the illusion and the 
perceived depth of the illusion figure. This is not a direct method for assessing the 
relationship between size constancy and susceptibility to a visual illusion because 
perceived depth is only one piece of information entering into size estimation and 
because recent studies (e.g. Rump, 1961) have cast doubt on the frequently assumed 
linear relationship between perceived size and perceived distance. It therefore scemed 
more appropriate to test Gregory's hypothesis by assessing the co-variance of illusion 
error and constancy scaling by obtaining as a measure for the latter actual data 
on the perception of size over distance, rather than data on the perceived degree 
of depth uncontaminated by illusion-inducing configurations. On the basis O 
Gregory's conceptualizations, degree of illusion and degree of constancy should be 
significantly correlated. 

Certain corollaries follow from a postulated link between size constancy and 
illusion error. In the present context adequate constancy scaling would ideally 
lead to only minor errors in the perception of size over distance, and any corrections 
of visual angle or phenomenal percepts would be in the opposite direction to that 
suggested by them. This tendency may be described as over-constancy and evidence 
of its existence in adults has been variously obtained (e.g. Hamilton, 1963, 1965): 
It suggests the presence of compensatory mechanisms which are likely to operate 
in any condition in which size judgements at a distance are involved, and which, 
presumably operate, therefore, in conditions in which constancy scaling is applic 
to size judgements of illusion figures seen at a distance. If the illusion error with 
the Miiller-Lyer figure is the result of normal constancy scaling, then over-correction 
of apparent size should equally apply to illusion and non-illusion figures. This, 
in the case of the illusion figure and on the basis of the constancy scaling hypothesis 
should lead to a larger illusion error or greater susceptibility to the illusion. In * 
similar way it can be argued on the basis of Gregory's hypothesis that under-constancy 
in size estimates, i.e. inadequate constancy scaling should be accompanied by 9 
reduction in illusion error. 


On the basis of these considerations three hypotheses reflecting the substance of 


Gregory's theory are formulated: 


(i) Degree of illusion and size constancy are significantly correlated. 


(2) Over-constancy is found in association with greater susceptibility to the 


illusion. 


(3) Thisceensisnay is found in association with reduced susceptibility to the 
illusion. 


_ The following definition of terms are adopted: full constancy means that subject 
will adjust the variable in the distal position to a size equalling or very closely approX^ 
mating the size of the standard object in the proximal position; over-constancy 1° 
the purpose of the present discussion will refer to size estimates in which the variable 
in the distal position is set to veridical object size minus 5 per cent. or more of the 
standard in the proximal position; under-constancy will refer to size estimates i? 
which the variable in the distal position is set to veridical object size plus 5 per cent. 
or more of the standard in the proximal position. 


«oA ER o RE iai i 
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RESULTS 


Size estimates for the three standards employed in the study, and the average 
per cent. error of estimation on the Müller-Lyer figure for all 40 subjects are tabulated 
in Table II. They are ranked from the subject with the least error on, or susceptibility 
to the illusion, to the subject with the greatest illusion error. 


TABLE II 
MüLLER-LvER AND Constancy ESTIMATES (in cm.) 


Per cent. Per cent. 


Sub- ervor error 
ject | Müller-| Dia- Playing Müller- Dia- Playing 
No. Lyer mond Rod card Lyer mond Rod card 


14:750 9:250 
12:325 9:250 
12:325 I0:050 
15:100 | 12:375 
14:225 8:500 
17:275 | 10:000 
16:100 | 12:150 
17:750 | 11:200 
18:325 | 13:325 
15:22 9:400 
16:000 9475 
15:125 | 11:875 
14:025 | 11'750 . 
14:250 | 10:075 
12:225 9:050 
16:150 | II:175 
15:975 | 10:625 
19:375 | 12:100 
14:825 | ir:150 
10:125 | II:900 


17 | 15:163 | 16:175 | 16-025 | 10875 
37 16:663 | 17:150 | 17:850 | 16:725 
18 | 18:329 | 14:325 | 14:875 | 10°075 
22 | 19:062 | 16-950 | 15175 | 9375 
io 19:828 | 11-250 | 16-450 8-200 
15 19:828 | 14-600 | 15:400 9:800 
36 19:995 | 16:625 | 13:875 | 12:025 
3 | 20-162 | 15975 | 15875 | 8:875 
5 20:828 | 14:400 | 16:100 9:350 
20 | 21-161 | 16:650 | 13:950 | 10:325 
6 | 21-828 | 15-500 | 14:175 | 9050 
25 21:995 | 16:350 | 13:050 8:225 
I3 | 23:494 | 16:075 | 14:625 | 9°45° 
i2 23:994 | 16:675 | 15:575 | 12175 
Eo 24:161 | 12:800 | 12:175 6:450 
29 20:327 | 15:525 | 15/200 | 12:900 
24 26:493 | r5:900 | 18:425 9:850 
49 | 26-493 | 14-625 | 1:300 | 9'075 
to 26:660 | 16-950 | 14°225 | II-125 
?1 | 26:660 | r5:075 | 15:950 | 107075 


Nos. 1-20, secondary modern school subjects. 21-40, E.S.N. school subjects. 


Inspection of the size estimates of subjects in the two oce Dm 
Shows a considerable difference. Table III gives the details and " a : i antl 
Ot these differences. While the illusion error of the ESN. su de : a ER 
arger than the error of the non-E.S.N. children, the giras zm s Ee m rn <a 
ae when performing an pre i Cae dime at the 5 per cent. 

i jve: z 5 ^ 
ise E, as ae cde genet result is somewhat questionable in view 


Of the analysis of variance result. The between-group differences in size Pee 
Or two of the three standard objects are, however, unequivocally dpi - 
Generally, as a result of the robustness of non-parametric techniques, i : p 
Significance are more likely to give significant results as well as a higher level o. 


Signific sk. 

Toe ciegas in susceptibility to the Müller-Lyer illusion for groups pene 
in intelligence suggested the presence of a regular relationship between e : E 
intelligence and reduction in illusion error. Table IV shows the per cent. * usio 
StrOr for different intelligence categories of the two major groups. While t ded 
a slight trend for lower error to be associated with higher intelligence, the to 
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TABLE III 
— — PX € —ÁÀ———ÁÀÓ OC —— M — —— 


Per cent. 
error 
Playing Müller- 
Experimental variables Diamond Rod card Lyer 
Veridical size (in cm.) e wia ..| 15000 15:000 == 
Veridical size + 5 per cent. es = 15:750 15:750 — 
Veridical size — 5 per cent. Sai ae 14:250 14:250 — 
MEANS AND DISPERSION VALUES— 
Non-E.S.N. Group: 
Mean .. s - er ..| 15:059 15:108 9:831 25423 
s.e. $5 "m n e" at 0:35 0:33 0:30 1:35 
SA. wis wis s se ex 1°51 1:43 1:32 5:90 
E.S.N. Group: 
Mean .. zh sis «ái ..| | 16:175 15:270 11:193 29443 
s.e. 0:36 O'51 0:46 I:73 
S.D. 1:55 2:22 2:01 7:54 
BETWEEN Group DIFFERENCE— 
T p: xe Si ss oe = 13355 190:5 I21 142°5 
P (1-tail).. 3 ys pis ..| «o'o5** N.S. -—0:025 NOSSA 


C—————— ————— A — i —]À— r'—— MaÜ—— m — a ———— ———] E 


When using 1-tailed ¢ test: * significant at 5 per cent. level; ** significant at 24 per cent. 
level. 


picture is perhaps better illustrated by a non-significant correlation of — 0:192 
between the two variables. The difference between non-E.S.N. and E.S.N. samples 
of equal intelligence is interesting. While the number of subjects involved is small, 
it would tend to support any conclusion assigning a minor role to general intelligence 
in this particular task. 


TABLE IV 
PER CENT. ILLUSION Error AND I.Q. 


I.Q. range 61—70 71-80 81-90 9r-ro0 | ror-iro | 111-120 
Groups 
Per cent. | ———— — —| 
illusion | Non-E.S.N. — — 28:292 22-732 26:027 21:16T 
error (n= 7) | @=7) | @=5) | =F 
* 
E.S.N. 28-077 28:076 ** 41:739 =, — x 


(n — 6) | (n — 12) | (n — 2) = Se ee 
* p = 0-028, ** p = 0-025 (both r-tail and Mann-Whitney U tests) for difference? 
between adjacent populations. 


The correlations between per cent. illusion error on the one hand, and size estimates 
and per cent. error of estimates irrespective of direction on the other hand, arè 
shown in Table V. They are uniformly non-significant. Some degree of correlation 
must be expected, of course, since the fundamental aim of judging the dimensions 
of objects is the same for both tasks. 

Considering size estimates here operationally defined as indicating over-constancy 
and under-constancy (4-5 per cent. veridical standard size), 22 mean estimates fe 


mim - 


| 
| 
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TABLE V 


Estünates Per cent. error estimates 


P j Playing Playing 
"er cent, Diamond Diamond Rod card 
Müller-Lyer 

— 0:058 0:109 013189 


error —0:155 


For N = 40, 7 = 0°313 for p = 0°05. 


m the former category (8 E.S.N., 14 non-E.S.N.) and 64 mean estimates into the 
atter (35 E.S.N., 29 non-E.S.N.). For subjects respectively giving over- and under- 
constancy estimates in response to the three different standards, the per cent. illusion 


error was calculated. The result is given in Table VI. 


TABLE VI 
ROR IN RELATION TO OVER-CONSTANCY AND UNDER-CONSTANCY 


ieni use 3 
ER CENT. ILLUSION ER 


Playing card 


Constancy standard Diamond 


Over Under 


Type of constancy estimate Over Under 


Non-E.S.N. | 28:711 22-899 21:994 | 26:083 
Per cent. (n=5) |= 7) ü=2) u= 14) 


illusion error 


E.S.N. 38-241 | 28132 
(n022)|(n-2 12) 


constant and under- 


ror between these over- n 
t in the direction confirming the hypo- 


None of the differences in illusion er 


Constant sub-groups is statistically significan 1 
theses, though the differences, particularly in relation to the diamond standard, 


are in the direction predicted by the constancy scaling hypothesis. A t test was not 
Performed because of the small number in the over-constancy category. It is worth 
noting, however, that for the standard of known physical dimension it was subjects 
Biving under-constant size estimates who produced the greater illusion error. Com- 
bining non-E.S.N. and E.S.N. groups ior the calculation, this difference failed 
Narrowly to reach statistical significance at the 5 per cent. level of confidence 


employing a r-tailed U test. , 
Two significant differences are present. For subjects producing over-constancy 
for the diamond standard, the E.S.N. sample had a significantly larger illusion error 
than the non-E.S.N. group, and for the E.S.N. sample only, subjects producing 

; d had a significantly larger illusion 


under-constancy for the playing card standar 
error than the single S dt with an over-constant size estimate. Both results 
Were obtained from a U test. T 

The examples previously given by Gregory to demonstrate the likelihood of the 
Operation of perspective and constancy scaling factors in the perception of the 
illusion error, dictated the need to consider the co-variation of susceptibility to the 
illusion and orientation of the experimental figure in addition to the anticipated 
constant error due to direction of adjustment. 
Table VII shows the per cent. error of adjustment for the two groups, for the 

to the standard, and for the two directions 


Our positions of the variable in relation 
of adjustment, with an indication of the significance of between-group differences. 


7o QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY 
An analysis of variance was performed to calculate the effects of directions of 
adjustment, orientations and interactions. 
TABLE VII 


PER CENT. ILLUSION Error, DIRECTIONS OF ADJUSTMENT AND ORIENTATIONS OF VARIABLE 


—————M——M —— M ——— 


Direction Orientation 
Reducing Increasing| “East” | "North" | "West" | "South" 
| Non-E.S.N. | 22-610 | 28:595 22.876 | 28-728 20:467 | 24:339 
Groups | | 
| E.S.N. 28.063 | 30:723 29:393 | 29:059 — 28:994 | 29:393 
Between-group <o-01 N.S. <<0-02 N.S. N.S. N.S. 
differences * P | | 
| | | 
a eee 


* Mann-Whitney 1-tailed U test. 


TABLE VIII 
ANALYSIS OF VARIANCE OF PER CENT. ILLUSION ERROR 


Sum sq. d. f. Mean sq. F P 

Between subjects— 3 

Groups (G) as TO 653 I 653 3°14 2005 

Subjects within groups ..| 7809 38 206 | — pd 
Within subjects— 

Directions (D) T 3M 835 I 835 37:95 <0-00! 

DxG 23 " - 126 I 126 5:73 aoo? 

D x subjects within groups 829 38 22 — Es: 

Orientations (O) Ss 239 3 8o 3:08 «005 

OxG Es Ps ee 216 3 2 2:77 <0'05 

O x subjects within groups} — 2909 II4 26 — pr 

DXO v se i 102 3 34 2:62 xs 

DXOxG - "n 36 3 I2 0:92 NS. 

D x O x subjects within 

groups .. is xej 1390 114 13 — Ei 
Total .. v v| 25244 319 -— | = "d f 


Table VIII shows that the effect of directions of adjustment, and orientato 
of the variable was significant, as were the interactions between directions and der 
and between orientation and groups. Of considerable interest is the compara cy: 
invariance of the errors for the E.S.N. group, which while it indicates personne hn 
at the same time shows a relative lack of responsiveness to considerable change: af 
the perceptual field. In view of this invariance, the difference between differe : 
orientations of the variable was considered only in relation to the non-E.S.N. gronh) 
As suggested by Table VII, only the difference between the “East” and Nort es 
orientations was significant for both directions of adjustment, and in both cas E 
at better than the 2 per cent. level (Mann-Whitney 2-tail U test). Greater illus" 
errors appeared when the experimental figure was orientated along the Nort g 
South” axis, but not significantly more. With the figure in the position yu 
for the non-E.S.N. group the greatest illusion error (“North”), the correlatio 


* 


] 


* 
i 
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between illusion error and constancy estimates were once again not significant 
(+-0-097, --0:027, --0:286, N = 20, respectively for the three standards). 


Discussion 


. On the basis of these findings, the three hypotheses remain sufficiently unsupported 
© demand their rejection. No significant correlations were obtained between 
Constancy and degree of illusion, and in relation to the second and third hypotheses 
partially opposite results were obtained. The present study therefore fails to produce 
adequate evidence of a common or similar process affecting susceptibility to the 
Müller-Lyer illusion as well as judgement of size over distance. Instead it has 
brought out other parameters which ought to be further considered in any discussion 
of the illusions. Firstly, there is the evidence concerning considerable individual 
differences in illusion error as well as in constancy judgements. Secondly, there is the 
evidence that the degree of illusion error is smaller in a group of subjects with high 
average or greater I.Q.’s. (Evidence reported elsewhere makes it clear that this is 
not due simply to greater application to task or consistency of the more intelligent 
subjects.) nu 
. A third feature brought out in the present study is that any relationship between 
Size constancy and illusion error may be affected by the nature of the object on which 
constancy estimates are made. When the standard was the playing card, subjects 
Siving under-constant size estimates produced a near-significantly larger illusion 
error than subjects with over-constant estimates, while standards of indeterminate 
dimensions produced a (non-significant) relationship between over-constancy and 
larger illusion error as predicted by the constancy scaling hypothesis. On the basis 
of this hypothesis, however, it might be predicted that subjects with under- 
Constancy for objects of known use and dimension should show similarly faulty 
Constancy scaling in relation to the illusion, thus producing smaller illusion errors, 
but the reverse was found. The constancy explanation is further subject to the 


deduction that knowledge of perspective and the size-distance relationship pre- 
eriments linked to the one presently 


Isposes towards greater illusional error. In exp! 1 to t i 
Teported and which cannot be amplified here, such a deduction is not supporte 1 
t was found (Hamilton, 1965) that subjects possessing only primitive or x rea 
‘nowledge of perspective effects and requirements have significantly greater illusion 
“rors than subj i spective knowledge. 
an subjects with adequate perspec . j A 
ü Gregory xg does not make it clear on how d "rss DA pp piget. 
king fin imati d illusion is based or w 
angle, depth estimation and 1'U9. bas ; 
Were. Since n Aden out no separate experiment, it 15 also € eame e “a 
What ext , r. - perceivers were represented in is sa j 
xtent over- and under-constancy perce Bre re 4 
dition, on the basis of his own conceptualizations, it might be necessary s Lese 
°r the precise role of perceptual inference by determining subjects E E 
egree of ability or disability to impose perceptual structure upon an ED. ny 
Sure consisting of one (? vertical) line and two angles attached to its extremities, 


and th :ne or its absence on the illusion error. —— 
eek dos sd able to make a positive contribution to an 


he > has not j ; 
Understandin row Fier of the Müller-Lyer figure which thus continue to 
defy ade d ex "acp iversality of the illusion suggests that it has 
important adapto properties, and among the adaptive mechanisms, aa 
“nd—if the term may be used—neurologi : high rank. rae 
Possible that this universality is no more than an expression of a general perceptu 
endency to apprehend a stimulus in its contextual stimulus field rather than in 
I quently appropriate 


Isolation. a response that has been acquired because it is most fre 
* 
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and reinforcing. This function of visual perception (in advance ofa e 
response) is clearly evident not only in the development of size constancy but also 
in motivated behaviour and selective perception, and seems to exemplify a exe ed 
ing" process. In individuals with a lower frequency for this process and its associate 
responses or with the capacity for its control in appropriate situations, the mal 
defying characteristics of the illusions may be partially overcome. The findings o 
Thurstone and of Gardner, indicating that subjects with greater ability in abstracting 
limited features of the Gottschald figures have smaller illusion errors, are, therefore, 
obviously relevant. It is possibly because of deficiencies in this capacity that the 
present E.S.N. group had larger illusion errors. The difference in illusion error for 
subjects respectively over- and under-constant in estimating the size of a known 
object does not seem to be explicable in terms of the evidence at present available. 

Dr. D. H. Taylor kindly helped with the computer programmes for this and the 
associated studies. Special thanks are due to Mr. W. A. Goodworth and Mr. B. H. 


Tuggey, Headmasters of the schools supplying the subjects, for making research facilities 
available. 
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COMMENT ON DR. VERNON HAMILTON'S PAPER 


BY 
R. L. GREGORY 
From the Department of Experimental Psychology, University of Cambridge 


. Dr. Hamilton has, unfortunately, omitted the vital feature of my theory of visual 
illusions; namely, that constancy is not set only according to apparent distance but 
that it is also set directly by depth features, especially perspective. In illusion figures 
we find perspective depth features on a flat plane: if constancy were set by these features 
it must be inappropriate, because there is no actual depth in the figure, and it would 
Produce size distortions. This is the basis of the theory, which I will now describe in 
Sufficient detail to assess the importance of Hamilton's low correlations between normal 
constancy and the illusions. " -— 
The notion that the illusion figures can be regarded as perspective projections of 
corners and parallel lines goes back to the “Perspective Theory (Woodworth, 1938). 
This theory, however, failed to show why illusory expansion should occur with perspective 
distance. Several writers have suggested that constancy may be involved, and this is 
attractive and plausible for several reasons: (1) Constancy size scaling certainly occurs, 
and so we do not need to postulate some unknown process for the distortions if it could 
be responsible, (2) Constancy is normally related to distance, and so it must somehow 
be set by distance information. This must include some monocular depth cues, since 
constancy functions with a single eye, and could include perspective. (3) i E a 
of distortions goes the right way if we suppose that perspective atu. se — ancy 
for constancy requires expansion with distance to compensate md rical ey ae 
of retinal images with increasing distance. It is, however, entirely c en T Heke 
distortion illusions are to be attributed to constancy mechanisms we e shes eee 
goustancy in the traditional way as simply tied to "o distance— bec 
figures appear both distorted and flat at the same ime. 3 : 
Bacpective figures present the eye with a special and peculiar problem. E tg 
perspective depth information on à flat plane. As objects ın bere three-dimen- 
in two dimensions, and yet they represent objects lying 1n 9 ce = ES out of such a 
sional space. The amazing thing is that we manage to make any a serprising that 
Paradoxical situation as two and three dimensions combined. It is no pris 


Perspective drawing is a late invention, and requires special perce Es 
. Tn this queer = of perspective figures, constancy must ae D ee be 
Indicated by the perspective features of the picture, or bs a eile both 
the plane on which the picture lies. Size scaling cannot poss» y Leica che Beare’ 
Sets of distances at once! The fact tha Bo) Beets K ‘rectly affected by the 
Perspective (the distortion illusions) indicates that szer aling i round plane. ch 
Picture’s perspective, even when the pic ing the depth features of the picture 
Perspective-induced size scaling nus be ina Pee 
9 not correspond to its true depth, sinea. Pri Scali ”) is not, however, the whole 
Di: ti 7 ive features ("Primary caling ^ N hol 
story or pare Be pes eap can also be set according to ut pics a Yor 
eg kowee shown clearly br a classical E the background sistance. It is thus 
ti i c (s WI : 
Pisis that coms depth features of the background set oe of merer 
image directly. But, in fact, constancy scaling can suen m Te c ao i gd 
stimulation: this is shown by the behaviour of luminous depth-am we gas ; E 
Change in shape with depth reversal; the apparently more distant face of, or ume = 
a luminous Necker cube, always appearing, the larger. But since this size sca ing s PM 
with no change in the retinal image (the figure may even be optically stabilise ie iis 
Tetina) apparent size cannot here be set directly by perspective or other retinal dpi n iu 
It must be set by the central, and changing, interpretation Or hypothesis” © us ed 
Parts lie in depth, not directly by depth features of the figure, for these remain unchang 


at the retina. 


Although luminous dep 


ambiguous figures do not cha e 
ceptual reveal in the paradoxical depth of pictures on visible bac 


th-ambiguous figures do change in size with seen depth, 


ia gi ds. er- 
ge in size when presented on textured backgroun 
x p kgrounds does not 
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affect constancy scaling. Now illusion figures presented on a background can pem 
in paradoxical depth, but the illusion remains unchanged by the reversals. E. a: cde 
as luminous figures with no background, however, they do change in size, fo tes S 
Emmert’s law. The presence or absence of a background is thus all-important, thoug 
rally ignored. ] E 
Eo The ener picture is that apparent size is determined by two scaling proc S. Eos 
“Primary Scaling” acts directly from local depth cues, and is unatfected by interpreta en 
or apparent depth. “Secondary Scaling” works from apparent distance, depending i. 
tirely on non-paradoxical seen distance. In other words: Primary scaling works direct y 
from available depth data; secondary scaling from the prevailing perceptual answer— 
seen depth. Either or both of these may be inappropriate to the true depth, and € 
will produce distortions when inappropriate. Normally they both serve to compensa Š 
for the shrinkage of retinal images with distance, but in perspective drawings the situation 
is logically paradoxical, and they must give inappropriate scaling. The distortion see oe 
are not arbitrary, or contingent upon how brains are made (a secing machine would 3 
similarly affected). In this queer situation of flat depth-perspective pictures, we experience 
the illusions dramatically because the constancy evoked by the perspective on a flat 
plane is highly inappropriate. Illusions are not however limited to the case of perspective 
figures: errors in either primary or secondary scaling must produce systematic size- 


distortions and either can be wrongly set in the normal world, though fortunately 
this is rare. 


Now the question is: should we expect a high correlation in individual differences 
between these illusion distortions and normal size constancy? As should now be clear, 
Hamilton is wrong in saying that I infer that “the perceptual behaviour in relation to the 
illusion is . . . similar . . . to that operating in the estimation of size over distance, and 
that two parts of the Miiller-Lyer figure will in fact be perceived as, say, the corners 
of a house or a room... .”” What I do say is that this is only the case when the back- 
ground is invisible. When it is visible they appear flat. (They do not have to be seen 
in depth even when it is invisible, for the corner is no more than the preferred depth 
interpretation.) Hamilton ignores my primary scaling, but this is essential to the theory 
for the whole point is that size scaling is not tied to seen depth in perspective (illusion) 
figures with textured backgrounds. It is tied to depth cues, even though inappropriate 
because the figures are actually flat—hence the illusion. 

In normal conditions, it is mainly secondary scaling which sets apparent size. Primary 
constancy plays but a relatively minor role as we see from experiments on depth- 
ambiguous figures and from the limited distortion (about 30 per cent. maximum) found in 
the illusion figures. This represents but a small proportion of constancy scaling where 
depth 1s non-paradoxical, and secondary scaling is effective. But in the illusion figures 
it is primary scaling which is responsible for the distortions, for the figures are seen as 
flat and so secondary scaling cannot function, Thus: (a) secondary scaling is mainly 
ee for constancy for normal objects (and especially with stereoscopic vision, 
‘ea n however, not effective for flat figures) ; (b) primary scaling is entirely responsible 
ee re ane illusions presented on textured backgrounds. Since the effective PS 
E T ae i Betas we should not expect any high correlation between constancy d 
sented jects and distortions which occur when three-dimensional information is P 

on a flat plane—to confound the eye with a paradox. 
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SHORTER ARTICLES AND NOTES 


THE EFFECT OF OVERTRAINING AND REPEATED 
EXTINCTIONS ON SPEED OF EXTINCTION IN 
ELECTRICAL SELF-STIMULATION 


BY 


Ls]. HERBERG and P. J. WATKINS 
From the Institute of Neurology, Queen Square, London, W.C.1 


F te " . : i 

ourteen rats with hypothalamic electrodes needed at least 3,000 reinforcements in 

extinct 5 xtinc scores reached their peak. Inaseries of up to 36 further 

E and reconditionings, invo 1 of 10,500 reinforcements, extinction 

wae si ell to the extreme low values typical of self-stimulation. The extent of this fall 

d Dum to depend on the number oi extinctions administered, but not on the number 
orcements, indicating that a process of conditioned inhibition may be partially 


resp i : A E A : 
ponsible for rapid extinction after self-stimulation. 


INTRODUCTION 
mulation should not be ascribed to the effects of normal 
“extinction (after self-stimulation) is 
uation’ —an impression which is 
(c.g. Olds n in typical cumulative records 
of the ds, 1955)- However, it is possible that | ex eflects features 
e reinforcement schedule rather than any peculiarity of the reinforcement itself, 
s an earlier study supporting this view (Herberg, 1963). 
i incti duced as a training 


Thi ] 
is earlier study showed that extremely T° > x g 
bouts of self-stimulation, and it was 
in extinction leading 


an urging that electrical self-stir 
orcement, Kimble (1961, P- 263) states that 


co B 2a 
ponoluned that the rapid extinction Was caus 
or progressively lower scores (e.g. Perkins and Cacciopo, 1950; - 
dues an overtraining effect arising from the several thousand reinforcements administered 
il the course of training. Overtraining might be expecte 
eee it has been shown to lessen resistance to Cage eh in ale ates F pois 
apaldi & a I :mmel, 1960 orcement, ài 
in ee erg Cota Stimmel, 2 (Margulies, 1961; D'Amato, 
gy MODO aa P 19 nt bar-pressing 


Schiff 

and Jagoda, 1962) have T€ orted the same pssi 
Conditions similar 902) Ne eed 2 ti i But in seemin contradiction 
B 1f-stimulation. ut in seeming i 
valer imposed n jon was Herberg's observation that 


to the extensi i imulati 
Some SUD, od Aat -- io of self-stimulation ; however, 
e x cted an early overtraining effect produced by the several 
dministered in the course of “shaping.” This 
ing experiments by giving t j 
i ements would lead to 


Possibility was tested in the firs 
ared the effects on extinction, of over- 


a deli i 
pe prolonged shaping 
Hs lower scores. The second ex 

ining, and of "training to ex 


Method A 


oo rats that showed regul 
E way except that after they had learnt to operate the pedal, 
nu Sid 1,500 additional responses before the stimulating current was switch 
Scor er of unrewarded responses made in the next 2 min. provided an initia 
Sub which was compared to the initial scores of a control group of 1 

jects with hypothalamic electrodes, used in previous experiments. For the control 


j 


aped in the 
they were allowed to 
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group the shaping sessions had been comparatively brief, ie. never d 
than 500 reinforcements (range 111-410; mean 207). Self-stimulation rates for a 
were never less than 40 responses per minute. : m i -— 
No subject was included if it broke its leads while responding in this or the fol pee 
experiment, but it was sometimes necessary to give one or two priming shocks to ne 
that had stopped responding because of seizures. Since interruptions by een] EY 
to occur only at the beginning of sessions (Herberg and Watkins, 1966), they proba i 
had little effect on extinction scores. Very rarely, some rats were found to be A 
responding, in a sporadic way, within 30 sec. of the end of the 2-min. extinction Dee 
and when this occurred the extinction periods were prolonged until 30 sec. had ped 
withouta response. But only those responses made during the first 2 min. were counted. 


Results and discussion 


The mean extinction score of the 
that of the control s 
(Mann-Whitney U — 
ments given to the e 


14 experimental rats was 18:9 (range 7-48). sus 
ample was 6:9 (range 1-27). The difference is highly significant 
21:5; p < 0-002), but its direction shows that the extra CEHHOTORN 
xperimental sample tended to increase resistance to extinction, p. 
reduce it. Thus the low scores previously found after shaping were probably caused by 
undertraining rather than overtraining, with extinction being imposed before acquis 


was complete. This conclusion was confirmed in the next experiment, in which the expert. 
mental rats were given differing amounts of further reinforcement during a series O 
repeated extinctions and reconditionings. 


EXPERIMENT 2 
Method 


The 14 rats used in Experiment r were randomly assigned to two equal groups: 
Group A was allowed to mak y inforced responses in a continuous session On 
each of six more days, and i as recorded at the end of each 
Session. Group B also mad but sessions were divided into six 
' à 2-min. extinction period. The 

the six bouts given on day © 
To permit the trends 


score was expressed as a percentage of its initial extinction score recorded in Experiment I. 
The mean initial scores of the two groups were A = 20.6 and B = 17:1, the difference 
being non-significant (Mann 


= o5). 


FIGURE 1 


140 A. 1500 reinf per extinction 


B. 250 reinf per extinction 
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S 


Extinction score percentage 
5 
E 


40) È i ET ` i 
i 3 : 5 $ 6 
Extinction 
Consecutive extinction scores of two grou , 2 ieee at 
int i S of sub e umber 
reinforcements. Each point is the mean So P. u»Jects given a differing n 
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N 
N 


Results and discussion 
,. Figure 1 compares tl ff incti i 
Mee he effects on extinction of different amounts of rei 
Eod. s i m Cs bie vg at Hage Neen pani the (deese 
os » en xcept dur à gi is. vo extinctions there was no difference between 
ments per extinction Ew ` E T. z inforcements, and those receiving baly 259 oed d 
eee 3 ven à ter a total of 10,500 reinforcements (includi i 
el es ) bad peus given to Group A, there was no evidence that e of to 
aN A pis p 1 əy overtraining. This failure to demonstrate an overtraining on 
die B m box agrees with the results reported by Margulies (1961) and D'Amato 
The ERE S a (1962) rather than with the findings of King, Wood and Butcher (1961). 
"m ism mies the scores of Group A on the first two days was shown to be sismifibánt 
with the up wo-way analysis of variance (x?) = 8:3; p < 005). This finding together 
y B o simile of Experiment 1, shows that at least 3,000 reinforced responses may 
Cem y e acquisition in self-stimulation can be said to be complete. 
"m... shows the effects of different amounts of extinction training in subjects 
ng the same number of reinforcements. Each sixth extinction score of Group B 


FIGURE 2 


A. | extn per 
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B.6 extn per 
1500 reinf 
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E 
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Reinforcements (1000's) 
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bjects given the same n c 
th extinction is plotted. 


a Extinction scores of two groups of su n 
a differing number of extinctions. For Group B, every six 


uccessive score of Group A (Mann-Whitney U «9; 
n the treatment of the two groups Was that Group B 
t follows that the common practice of adminis- 
be responsible, at least in part, 


d bouts must 
The phenomenon can be readily explained 


as an instance of conditioned inhibition, and the prediction follows that disinhibition 
D. any strong and unexpected extraneous stimulus during extinction would lead to 
p iwed bar-pressing (Hilgard and Marquis, 1960, P- 127). Such a result has indeed 
uet reported by Deutsch and Howarth (1962), but the present finding seems to offer 
qu Ue parsimonious account of the result than the supposed evocation, by fear, of a 

ive to self-stimulate. 


» y significantly lower than each s 
RENE Since the only difference i > 
ign ee six times as many extinctions, i 
o; g self-stimulation in a series of repeate 
r the abrupt extinctions that usually follow. 
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THE ROLE OF STIMULATION IN THE DELAY OF 
ONSET OF CRYING IN THE NEWBORN INFANT 


BY 


T. GORDON and B. M. FOSS 


From the Department of Psychology, Birkbeck College, 
and the Institute of Education, University of London 


se PE is said to result from stimulus need. An experiment was done in which infants 
ae e stimulated during quiet periods to see if this would postpone the onset of crying. 
is € results were positive. An alternative explanation in terms of internal temperature 
mtrol is considered. 
INTRODUCTION 
been treated either (1) as a reaction to an unpleasant 


Sia stimulus, or (2) as a response to an internal need. Point (1) is illustrated by 
bis Vs observation (1959, P- 420) that he was able to reduce the amount of crying of 
cyi n child by keeping it in a compartment in which the temperature was held constant 
b he child could move about without the constraints of clothing. Point (2) is illustrated 
y the terms "stimulus need" and "stimulus hunger" which have been used by investi- 
Lus who are concerned with the kind of stimulation required for normal development 
e oth humans and animals (Thompson, 1955 p- 133)- Presumably the infant requires 
aried stimulation, the kind and quantity of which changes as the child grows. Crying 
can be regarded as an index of the absence of such stimulation. . 
th Crying occurs fairly regularly in the human infant before feeding. It also occurs, 
H T. less frequently, when there is no obvious indication of discomfort: the child need 
d be windy, wet or in discernible pain. In the newborn infant, one of the first efforts 
ich the mother makes to stop the infant from crying is to rock it, Sometimes this is 
alogy W 


Successful and the infant drops off to sleep again. By an ith hunger, the need in- 
Olved is reduced. If it is not other efforts will be made to find out why the baby is 


crying and how to stop it. 
is Since rocking seems an effective means of st 4 
not hungry or in pain, it would appear to answer to some of the stimulus needs of the 
Young infant. If it can be effective in stopping the infant from crying, rocking the child 
sere it cries should prevent or delay the infant’s crying effectively. That = to Ee 
Crying can result from stimulus hunger then appropriate stimulation should put o 
€ onset of crying. The following experiment was done to test this hypothesis. 


Crying in the human infant has 


opping the baby from crying when it 


EXPERIMENTAL METHOD 
The experi s i one of the w 
e periment was carried ou Nes 
$5 Spital. All the children here were ful . They were pe 
en 1} hours after their noonday fee! des Se during the da: 
Bether and aw he bedsides of their m : : 

Each Eos ie E Sabies in the nursery who were not crying was counted and 
9ne baby was selected for rocking; ining babies who were not crying formed the 
Control group. The experimenter stood at the foot of the cot and rocked the baby in 
it for half an hour After this the experimenter remained in the nursery for half an hour. 

he number of control babies who cried during the hour the experimenter was present 
Was noted 
" 3 x 

The cots v d by the experimenter and each day the number of the co 
s vere numbere, (3 3 turn it was to be rocked 

elected for rocking was moved up by one If the baby whose ir baby who was quiet. 


Was already cryi r was moved u 
e d Mt for 18 days between 25th May and 24th August, ane 


ES experiment was carri 5 d 
he maximum number of babies in the nursery on any ad 
i 2 : : or 
minimum number was seven. The maximum number of babies who od id [és e 
q € experiment, that is, the number of quiet babies, was 10; the m S eae 
uiet babies was six. The ages of the babies ranged from à few hours . 


ards of an obstetrics . 
ed in the nursery 
y when they were 
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RESULTS 
The results are listed in Table I. 


TABLE I 
ee 


Proportion 
Experi- | Proportion experi- . 
Control | Experi- e ide control mental | Difference 
Control babies mental babies babies babies . sion 

Day babies who cried babies who cried | not crying | not crying | prop 

1 8 5 I o 0:37 1:00 oe 

2 6 4 I o 0:33 1-00 5:86 

3 5 4 I o 0:20 1:00 obf 

4 6 5 1 1 o:16 o e 

5 5 I I o o:8o 1:00 oe 

6 9 3 I o 0:44 1:00 Be 

7 8 3 I o 0:62 1:00 re 

8 8 + I o 0:50 1:00 ps 

9 5 2 H o 0:60 1:00 kr 
10 9 I 1 I o:88 o eg 

LI 6 I I o 0:83 1:00 rn 
12 9 I I o o-88 1:00 a 
13 8 3 | 1 o 0:62 1-00 aH 
I4 5 I I o o80 | roo 02 
r5 6 2 I o 0:66 1:00 034 
16 8 1 I o 0:87 1:00 oz 
T7 6 2 I I 0-66 o "o 
18 | 8 3 I | o 0:62 1-00 0:3? 


* On this day the outdoor temperature had dro 


a, ing 
Pped from 72° F. to 52? F. The heat! 
in the nursery was not turned on u 


: eriod. 
ntil very close to the end of the observation per 


The null hypothesis, that the experiment: 
babies, would be substantiated if the differe 


correction for skewnes 


Discussion 
The results of the experiment give reasonable evidence that rocking answers tively 
need of the newborn infant since it not only stops crying which has begun but effec ves: 
delays its onset, Two possible explanations for what this "need" is present thems tat 
It could be (1) that t i t requires kinaesthetic stimulation or (2) rnal 
further, this kinaesth a means of helping to regulate the inte 
temperature of the infant. pies 
Before the s be i T" ing the bà 
I gun a period of time was spent observing at, 
ae a and in the nurse: From these observations there seems little doubt ine 
c r n a i a AN > way of S 
its crying than is ho g and holding the infant is a more reliable way ; 


: h n 
e infant might be more effective in stopping oder 


e . esting 
itis method ef ana’ oi paper Wid R: Cox, of Birkbeck College, for suggest 
Vol. 53, June, 1966. 


n] 
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n yr SNS . 
wie a$ not recorded until the eighth day. However, the outdoor temperature 
fay ch e epay in the first three days (70° F. on day 1, 70° F. on day 2 and 72° F. on 
was he y 4 the temperature had dropped 20 degrees, to 52? F. and the nursery 
oi eryn > e until close to the end of the experimental period. The high incidence 
that E n that day (only one baby remained quiet) lends some support to the explanation 
T ernal temperature affects the onset of crying. 
especial E itself is vigorous and involves movement of the whole body of the infant, 
attempt its head and limbs. One might therefore regard it as the infant's means of 
Mee d E to restore its internal temperature OF of supplying its need for positional 
capacit ; Owever, the infant is very limited in its capacity for movement and in its 
y to restore its temperature equilibrium. Crying would therefore appear to occur 


when the infant is 3 t A E 
en the infant is in need of stimulation which it cannot adequately provide for itself. 


In this se : : aile 
Re sense it is the infant's chief means of communication about its needs. Under 
conditions the mother's response to her crying infant will ensure that whatever 


s are required will be made. 

to th ad been considered possible that the cessation of rocking might be frustrating 
e infants, and lead to crying. In the event, any such effect was overridden. 
nham-Carter, Matron Billings and Sister Lee of 


We should like to thank Prof. Bo 
ailable facilities for this study. 


Uni À 
niversity College Hospital, London, for making av 
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APPARATUS 
A TRANSISTORISED VOICE-OPERATED RELAY 


BY 
P. G. M. DAWE 
From the Institute of Experimental Psychology, Oxford University 
the switching of tape recorders, 


‘itch which will close a pat 
ler or other apparatus, an 


There is a frequent need in speech experiments involving 
or in measuring voice reaction times, for a voice operated key sw 
of contacts on receiving a voice signal, switching on a tape record 
open them after a given delay, when the speech signal is removed. 


FIGURE 1 
—15N 


Sensitivity 


control 5000 


Sk 
HH 


27k 1000pF 


MM71 


Delay control 
(15,1253, see) 


100 


0-IyF 


TI-T6 : OC75 Voice Key Circuit 


l 
(Fig. 1) there are severa 


Although the circuit of such a switch is fairly straightforward be put together 


design points worth noting, or it may be assumed that such a key can 
without much thought, and unsatisfactory results may be obtained. 


REQUIREMENTS 


The main requirements are first, for a simple audio amplifier (T1 to T3) cap input 
producing sufficient gain to operate a trigger circuit from an inexpensive microphone iso 
(to preserve the quality of the speech is not important) of about 1 millivolt r.m.S. its of 
output from the amplifier must be rectified and be capable of producing several vo eed 
d.c., sufficient to operate the trigger which will open or close the contacts of a high SP aio 
relay, of the Siemens type. The amplifier can be a simple three-stage transistor r j: 
amplifier, and the rectification can conveniently be done in an emitter follower circu it C iE 
This emitter circuit should contain a large capacitor, sufficient to give a delay in the swt S 
ing when the audio input is removed. This will prevent the voice key from Spe 
between the words of a sentence, since although the capacitor can be charged quic n 
within a millisec., through the forward base-emitter path of the transistor, it will 0? 


discharge slowly through the input impedance of the following trigger stage. 


able of 
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The amplifier 
The steps in the design of a sui i i i 

e T g itable transistor audio amplifier i i 
"aad eed times from 1 mv. . r.m.s. to several volts "pe t [A pee: : 
emma i ofa normal single grounded emitter stage to be nominally 1,000 olen 
eke je he emitter bias resistor may also be fixed at this value since this will only 
se iene en two of the collector supply voltage, for a nominal collector current of a few 
Seu mue This resistor will be by-passed by a large capacitor (25 uF.) to prevent loss 
C. de local negative feedback. The potential divider for the base bias follows 
Gna-Bffh na pe practice, the bleed current being about ten times the base current and 
and 2 hea he collector current. These values come out at approximately 27 k-ohm 

5 k-ohm. If a collector load resistance of 3 k-ohm is selected, the effective load 


resistz 
esistance, Re, of the stage will be given by: 


Bam T ; ; 
a +a X 1,000 = 750 ohms, reckoning the input resistance of the following stage as 


I k- i 
l ohm. If Ie is the collector sign 
Signal volts output = Ie Re 


al current, we have for each stage that: 


Signal volts input = ln 
and I Bi 
Ghia aE for an OC75 transistor where hre is approximately 50, and where Re = 750 
, and r, = 1 k-ohm, the stage gain is given as:— 
52 X 750 
I,000 `~ 37:5 times. 


Tw " ; * A i 
iad stages of this amplification, preceded by a pre-amplifier stage with a lower collector 
, Of say, 500 ohms, to give additional gain of some 10-12 times, provides an audio 


amplifier wi : : Á 
amplifier with a maximum overall gain of greater than 12,000 times. The 500 ohm load 
entiometer, and will operate 


int EX 
ae = pre-amplifier stage can conveniently be made by a pot r 
trigge nsitivity control for the voice key. The overall gain 1s then sufficient to operate the 
d z eed from a moving iron type of microphone having à nominal impedance of 
table a; EE to match the transistor inputcircuit. The microphone can be laid flat on the 
made E the amplification is adequate to operate the key from speech or other sounds 
With ain 8 or ro ft. of the table. . uc 
Senate the microphone fully loaded, the input to the emitter follower rectifier circuit is 
Voltage a square wave of some 6 volts amplitude (peak-to-peak) for a 15-volt supply 
maxim . This waveform charges the 1,000 microfarad emitter load capacitance to a 
mum d.c. voltage of 3 volts, or to about 2 volts when driving into the input impedance 


of 3 
the following Schmitt trigger circuit. 


d " 
he Schmitt trigger circuit 
The design of the Schmitt circuit (T5 and T6) starts from the requirement of a collector 
te the 1 k-ohm relay load. Both collec- 


cu " 

Trent change of 12 milliamperes needed to opera ] 
me value, i.e. I k-ohm each. If the common emitter 

his will give 1-2 volts emitter bias, for the 12 milli- 


lo 
ae resistor is then made 100 ohms, t y 4 
Pere collector load current. The tor will turn on v st ) 
tive on the receipt of an audio input signal. 


pair of contacts. It will then also be 


an 
and 1 k-ohm are satisfactory. 
that the external circuit is normally made 


it wi 
m bs opened by the receip 
When th he voice key is turned 
Th e key is not operating. , 
thou e input impedance of the emitter couple Ci 3 
Or sand ohms for a common emitter resistance of 100 ohms and this input impedance can 
Hebe a time constant of several seconds with a capacitance of the order of 1,000 micro- 
EL and provide a suitable switching off delay. Several different values of resistance 
re shunted across the trigger input, via a rotary switch, to make this delay time variable. 


d Schmitt trigger circuit will be a few 


Powey supply 
eet power supply for the unit can be either from a battery or from a } wave a.c. mains 
er. If batteries are used an 18 volt supply (2 x DT9 batteries) is recommended, 
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à s iii Nm 
since although the current drain is about 25 milliamperes, the unit will operate with 


voltages down to about 1o volts, and so a reasonably long battery life is ensured. A simple 
a.c. mains source was made from a 16:3 volt r.m.s. transformer, half-wave rectified, 
through an OA 210, and smoothed with 1,000 microfarad. A potential divider droppe 
the supply voltage to 15 volts so as not to exceed the collector supply voltage of the OC 75 
transistors. It was found advisable to include decoupling (1 k-ohm and 1,000 pt.) in the 
preamplifier stage to prevent unwanted a.c. signals from getting into the amplifier am 
operating the key. The circuit of the power supply is given in Figure 2. 


FIGURE 2 
OA2I0 


Power Supply 


ampere at 


The Siemens high speed relay (H 85B) contact is suitable for carrying I cross 


50 volts, and a spark quench of o-1 microfarad and 10 ohms was connected in series à 
the relay contacts. 


Construction f 

The instrument can conveniently be put together in a small case (10 in. X Gin. x 6 in 
‘The transistors and other components can be mounted directly on to a strip of veroboar j 
This can be mounted on to an aluminium plate secured to the front panel. The bo. y 
transistors rather than valves makes for a lighter and more compact unit with a simp 
and less bulky power supply, and one which may be assembled within a week or two. 
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Springfield, Illinois: Thomas. 1905. Pp. vii + 155. $6.50. 

Variables in Personality Theory and Personality Testing: An Interpretation. By Robert 
M. Allen. Springfield, Illinois: Thomas. 1965. Pp. ix + 96. $5.50. 

Readings in Mathematical Psychology. Vol. I1. Edited by R. Duncan Luce, Robert 
Bush and Eugene Galanter. London and New York: Wiley. 1:065. Pp. ix + 568. 
68s. g " 

Introduction to Developmental Psychiatry. By Beulah C. Rosselman, Ira M. Rosenthal 
and Marvin Schwarz. Springficld, Illinois: Thomas. 1965. Pp. v + 139- $6.50: 

Speech Analysis, Synthesis and Perception. By J. L. Flanagan. Kommunikation unc 
Kybernetik in Einzeldarstellungen, Band 3. Berlin, Heidelberg and New York: 
Springer-Verlag. (Distributors in U.S.A. and Canada—Academic Press, New Yor c) 
1965. Pp. viii + 317. DM 58. 

Compensatory Adaptations, Reflex Activity and the Brain. By Ezras A. Astratian. Trans 
lated from the Russian. International Series of Monographs on Cerebro-visceral anc 
Behavioural Physiology and Conditioned Reflexes. Vol. I. London and Oxford: 
Pergamon. , 1965. Pp. xv + 194. $805. " 

Research in Behavior Modification: New Developments and Implications. By Le 
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onard 


Krasner and Leonard P. Ullmann. New. York: Holt, Rinehart & Winston. 1965: 3 - 
Pp. viii + 403. $8.95. ' | 
l L. Hutt 


The Mentally Retarded Child: Development, Education and Treatment. By Max d 
and Robert Gwyn Gibby. Boston: Allyn & Bacon. 1965. 2nd Edition. Pp. x 
+ 441. $7.95. EX . 

Psychobiological Approaches to Social Behaviour. Edited by P. Herbert Leiderman 
David Shapiro. London: Tavistock. 1965. Pp. xv + 203. 48s. 

The Psychological Responses of Children to Hospitalization and Illness: A Review of the 
Literature. By David R. A. Vernon, Jeanne M. Foley, Raymond B. Sipowicz an 
Jerome L. Schulman. Springfield, Illinois: Thomas. 1965. Pp. vii + 192- odd 

Utopiates: The Use and Users of LSD 25. By Richard Blum and Associates. ForewO" 
by Nevitt Sanford. London: Tavistock. 1965. Pp. xvi + 303. 58s. 

Practice and Theory of Psychoanalysis. Vol. II. By Herman Nunberg. 
International Universities Press. (London: Bailey Bros. & Swinfen.) 196 
$4.50 (40s.). e 

The Group in Depth. By Helen E. Durkin. New York: International Universities Pre" 
(London: Bailey Bros. & Swinfen.) 1965. Pp. xii + 378. $8.50 (76s.). x: i 

Medical Orthodoxy and the Future of Psychoanalysis. By K. R. Eissler. New YO ; 
International Universities Press. (London: Bailey Bros. & Swinfen.). 1965. FP 
+ 592. $12.00. "T 

Personal and Organizational Change through Group Methods: The Laboratory Apprendi A 
By Edgar Schein and Warren G. Bennis. London and New York: Wiley. 1995, — 
Pp. x + 376. 62s. “eon : 

Drugs of Hallucination. By Sidney Cohen. Introduction by John Rowan wilson: 
London: Secker & Warburg. 1965. Pp. xiii + 268. 305. 

Elementary Applied Statistics: for Students in Behavioural Science. By Linton C. Free 
London and New York: Wiley. 1965. Pp. viii + 298. 53$ i 

Visual Capabilities in the Space Environment: A Collection of Articles Sponsore? Saon: 
Human Factors Society of America. Edited by C. A. Baker. Oxford and 
Pergamon. 1965. Pp. vii + 203. 63s. onda 

The Use of Written Communication in Psychotherapy. Edited by Leonard Pears E. 
Springfield, Illinois: Thomas. 1965. Pp. xiii + 65. $4.50. E 

Structural Models: An Introduction to the Theory of Directed Graphs. By Frank Har 65: ; 
Robert Z. Norman and Dorwin Cartwright. London and New York: Wiley- I 
Pp. ix -++ 415. 75S- 3 253 

The Tactics of Psychotherapy: The Application of Psychoanalytic Theory to Psychother: i 
By Wiliam E. Murphy. New York: International Universities Press. (Lon Es 
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Kemer. Baltimore: Williams & Wilkins. (Edinburgh: Livingstone.) 1965. Pp. 
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Determinants of Infant Behav 
Infant Interaction. Edited by B. M. Foss. 
264. 50s. 


New York and London: 


jour III: Proceedings of the Tavistock Seminar on Mother- 
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Hypnotherapy: A Survey of the Literature. By Margaret Brenman and Merton M. Gill. 
Foundation Series. No. 5. Science 


London and New York: Wiley. (The Menninger 
x Edition.) 1:964. Pp. vii + 276. 135 
Visual Perception: The Nineteenth Century. By William Dember. London and New 
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No, 27. Frustration and Conflict: Selected Readings. Edited by Aubrey J. Yates. 
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BOOK REVIEWS 


Thinking. By D. E. Berlyne. London and New York: Wiley. 
68s. 


Structure and Direction in 
1965. Pp. xii + 37 
Few psychologists are better equipped than Professor Berlyne to attempt the integra” 
tion of the salient features of the distinctive contributions to the psychological study 9 
thinking as they have been reported in the English, French and Russian languages 1M 
recent years. ‘The approach which he adopts 1s confessedly neoassociationist and one 
which he says is usually identified with the term ‘‘stimulus sponse (S-R) behaviour 
theory,” although in his hands it exhibits a much more flexible and sophisticated guise 
than that usually evoked by the popular image of the S-R psychologist. Liberal use m 
made of concepts such as “implicit response" and "internal stimulus" on the grounds 
that the practice of classing central events as stimuli and responses must ultimately rest 
for its justification upon how fruitful it is in advancing knowledge—a disarmingly 
reasonable plea, even if at times it leaves one with the sneaking feeling that one is being 
seduced by such “sweet reasonableness.” From this neoassociationist starting point we 
are soon introduced to S-thinking, which is used to describe a kind of directed thinking 
in which responses are evoked by stimulus stiuations in which these would otherwise 
have been unlikelv to occur and in which the result of the thinking process amounts to 
a transfer to one class of stimulus situations of a response pattern that is already associate, 
with another class of situation. Likewise there is R-thinking, said to occur when à subject 
performs a response, or a combination of or sequence of responses that he has nd 
before performed in any stimulus situation and that he would, in all likelihood, never hav 
performed in any stimulus situation were it not for the thinking process. 
This attempt to adhere to S-R type categories persists as Berlyne system i 
examines a variety of contemporary and not-so-contemporary approaches to the study 
of thinking, through his neoassociationist eyes. In this way as information theory © 
dealt with, directed thinking becomes a means to information gathering and informatio? 
rejection, and in considering theories built upon stimulus generalization we are told tha 
the behavioural sequences resulting from directed thinking arise from secondary stimulus 
generalization. In this way habit-family hierarchies are viewed as special cases of mediate 
response generalizations wherein an equivalence exists between sequences of response 
(behaviour chains) rather than between single respon: In turn Berlyne also considers 
the distinctions to be made between autistic and directed thinking, the relevance ih 
Sechenov’s theory of thinking, and of Piaget’s conception of operation until we eventually 
reach what seems to be the core of the model of thinking that Berlyne wishes to prese? 
to us, namely, the functional importance of what he calls ‘‘transformational em 
t (fo 


atically 


hierarchies."" According to this formulation the traditional behaviourist accoun a 
ing Watson, Hull and their successors) which depicts a train of thought as a sequen iae 
is module, 


implicit responses corresponding to successive events or stimulus situations, AT. 
so that these now relabelled “situational responses" together with their feedback ptm 
become combined to form a “situational thought." Under the influence of Selz, Secheno 
and Piaget, each successive pair of “situational responses" is linked by an intervenne 
symbolic response called a “transformational respon which has its own feedbac $ 
stimulus, the “transformational stimulus” and these two together comprise a “transformi 
tional thought.” In this way the chains that constitute the habit-family hierarchies xt 
which directed thinking depends will be composed of alternating situational thous? 
and transformational thoughts. 

Having thus introduced the building blocks of his model of dir 
then shows how aspects of it had been partially foreshadowed by several earlier WO 
including Tolman, Head, Bartlett, Spearman and, most recently, Newell, Shaw Ban 
Simon. Thus Bartlett's insistence in 1932 upon the importance of “effort after meanini 
in recall foreshadows Berlyne's insistence that, “the recollection of something WI" ,, 
meaning that we understand depends primarily on retention of transformational responses 
and that "if we have a starting point and series of transformations we do not nee 
store detail." In addition to chapters devoted to a more detailed exposition of some ° 
the properties of his transformational chains and of the transformational hierarchie 
which these make up, Berlyne also give us a most penetrating discussion of the potenta 
importance of habit-family hierarchies which possess structures corresponding to transitiv 
(mathematical) groups. Such structures he believes occupy a unique position in the wS 


ected thinking, pBerlyne 
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his di j thus warrant careful experi ion i igati 
Ecusi 1 ; hus wa ul experimentation investigation. 
ui cud inch motivation, initiation and dynamics of directed ernie hist m 
ODE SEE to find “conflict” given such a prominent role, we may nonetheless 
r as a concept it is not so overworked that it is in danger of losing some 
o 


advanced forms of thinking and 


of w usefulness. 
iis book is undoubtedly an important one, not only because it acquaints those 
hitherto not available in the West, but also 


wh 
been = not read Russian with literature 
se it accentuates the advantages and disadvantages of pushing an S-R approach 
Certainly we shall not all agree with Berlyne's 


to (and s 
ied i S may feel beyond) its limits. 
puro unm up experimental findings and theorizing by S-R psychologists with 
gre knowledge and theorizing about complex thinking. However, if the more 
into a more sustained and 


spec 7 
* uie ea pu of his theorizing do no more than goad us i 
more than h empe to accumulate experimental results on high level thinking they will 
with his owr ave justified their publication. In this respect even if we should concur 
that have i motlesh evaluation that Many of the alternative conceptions of reasoning 
open to Mou proposed, including perhaps the one worked out in this book, are also 
than ack icism that they are inadequate as explanations and constitute little more 
in this Re MODE (p. 335), we must at the same time agree that the description set out 
“should i aasi meet Berlyne's own criterion of a good description, which he says 
therefore e into prominence the variables that are of most moment and that are 
€ likely to repay experimental study most bountifully" (p. 336). This it certainly 


does 
s most ele, T» ; i i 
st elegantly and in a m timulate fresh empirical research on 


thinking. anner likely to S p 
M. A. JEEVES. 


Depressi 
pr m ood A Cambridge Postgraduate Medical Course. Edited by E. Beresford Davies. 
De -ondon: Cambridge University Press. 1964. Pp. xv + 378. 90s. 
pressive States: A Pharmacotherapeutic Study. By Anthony Hordern. In collaboration 
Mg C. G. Burt and N. F. Holt. Springfield, Illinois: Thomas. 1965. Pp. xv + 


*, eda of publishing the c 
reaches fi ied. At first sight the advantages seem 
however ve years as it does in the case of the first o 
Ou p e eR an unexpected but sad pleasure. 

ions from the now silenced minds of Professor Kennedy and Professor Mayer- 
-Gross's paper should 


Gros: 7 
s. It is the more difficult to understand therefore why Mayer 
references to the unusual yet important 


E raj 
qd only in abstract and without the 
disconn ions he was so expert at culling from the literature. Much of the discussion is 
as th ected. Decisions ab vhere difficult but the reviewer 
fact tha strong impression that this fai ut rather reflects the 
conc at many participants were contributors manqui ears that they are 
to MCA S more on the notes they have in their po lating their remarks 
m. of the previous speaker. ast 

he standard of the major papers is uneven but many are well worth publishing and 
icture of the different varieties of psychiatric thought. 

when the conflict between psychological 


ing at a time 
alistic as it seem nvaluable 


proceedings has often 
the publishing delay 
f these two books. The long delay 

That of reading fresh and vivid 


on in symposium 


letails of discussi 
less obvious when 


ckets than on re. 


me book as a whole forms @ useful p 
and Mee of psychiatrists interact 
Soci ochemical approach did not seem so unre: 
cial document. 

it we second book provides an instructive contrast. Considering the space into which 
cam compressed, the review of current views and research in the field of depression is 
son prehensive and clear. Brevity must inevitably lead to the superficial treatment of 
bible aspects of the problem but there are plenty of leads to follow up in the extensive 
bli, iography. However it is perhaps premature to see a scientific revolution in the double 
3 ind drug trial. As Professor Cade Says in his introduction an impression of objectivity 

nay be created by “meticulous methodology ; exhaustive symptom analysis; that bulwark 
against observer bias, the double blind; adequate follow-up time; and expert statistical 
Boe It is a pity that in spite of these safeguards, the conclusions derived from 
c is particular trial must be regarded as invalid. The flaw which invalidates the central 
jede usto, namely that amitriptyline is à more effective anti-depressant than imipramine, 
Wei on the equivalence of the dosage of the two drugs was determined by equivalence in 
that dE Apart from the fact that the molecular weight of imipramine is greater than 
amitriptyline the value of a drug is rarely à function of its efficacy per gram or per 


s now, it is an i 


92 QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY 


molecule but is primarily a function of its effc: y at the maximum dose which is per- 
missible in the light of toxic and side effects. Certainly the dose of imipramine used in the 
clinical trial reported in this book is less than that required in many depressive illnesses. 
As Scheff has pointed out, it is a function of the physician that he should be less concerned 
that his patient should suffer from over-investigation or over-treatment than that he 
should die because of under-investigation. ‘The reverse motivation applies to Be 
pharmaceutical industry. |t is a far more valuable thing that many patients should 
remain unwell from under-treatment than that an enthusiastic coroner should have the 
opportunity to ascribe an unexplained death to a drug. Other minor criticisms of the 
therapeutic trial could be made but these would not diminish the value of this otherwise 
excellent source book on depressive illness. 

Both the books reviewed here suffer from publication delays. "That these delays are 
not necessary and unavoidable is indicated by the ability of May and Baker to publish in 
April the proceedings of the Leeds symposium on behavioural disorders which took place 
on 25th to 27th of the preceding March. This was admittedly a tour de force. Honey 
the impact of being able to read what one's colleagues were thinking last week and 1 
know what they are doing now is not only stimulating but inevitably must save à grea 
deal of duplication of research effort. i A. ELITHORN. 


The Approval Motive: Studies in Evaluative Dependence. By Douglas P. Crowne an 
David Marlowe. London and New York: Wiley. 1965. Pp. xii +233. 57 ) 
The discovery of response sets has knocked the bottom out of most existing question; 
naires. Crowne and Marlowe have done a lot of the work on the ''social desirability 
(S.D.) set—the tendency to show oneself in a favourable light. (The other impor e 
response set is "acquiescence''—the tendency to say “yes”, or to “agree’’). Itis posed 
to predict a person's score on many questionnaires merely from knowing his eer 
sets: the MMPI has been particularly hard hit—some of its scales correlate over o7 t o 
S.D. Questionnaires ca» be constructed to avoid these sets—they should consis ‘ont 
multiple-choice items and the choices should be equated for S.D. Crowne and Mar ut 
have devised a new scale for S.D., consisting of items such as "I never hesitate to g0 hum 
of my way to help someone in trouble’’. They are interested in the personality charac 5 
istics of people who are high on S.D., and postulate that such people have a strong ue 
forapproval'". From this it is predicted that they should be more open to social ioiai É 
A series of studies is reported in which the top and bottom quartiles on the S.D. te ns 
(x = 30, for each) are compared in a number of classical social influence situation 
It is found that high scorers conform more, and show more rapid operant verbal conditio 
ing, in a variety of experimental settings. The differences found between the experimen 
groups are large and consistent. One interesting result is that many of the high p at 
subjects show a higher threshold for obscene words. Evidence is presented to show 
this is due to response withholding rather than to unconscious perceptual defence. val 
A further series of experiments is alleged to show that people high in need for appro le 
avoid anticipated threats to self-esteem, and are defensive because they are vulneran 
to reactions from others. These conclusions do not follow from the experimental zesu i 
without a great deal of intepretation, and other recent work on self-esteem and inseco™ 6 
Suggests that this is a much more complex problem. Nevertheless there are a number ee, 
quite interesting findings here— -people high in need for approval finish therapy. EE 
with less improvement; they were more readily aroused in the Schachter euphoria si 
tion, and they were less popular than subjects who were less keen to be approved of. ad 
Experimental social psychologists often ignore individual differences. Crowne 27. 
Marlowe have added to our knowledge by exploring one dimension of personality. ogy 


unfortunate that they have not succeeded in throwing very much light on the psyc: 
of this dimension. 


MICHAEL ARGYLE: 


The Pathology of Thinking. By Blyuma Vul'fovna Zeigarnik. The International T x 
havioral Sciences Series; Edited by Joseph Wortis. New York: Consulta 
Bureau. 1965. Pp. xvi + art. $12.50. d 

To most psychologists in this country, Zeigarnik is simply an “effect” remembers 

from the far-off days of Gestalt Psychology. In fact, she is very much a person, who n 

been engaged for many years in the analysis of thought disorder in abnormal mental o se 

Her methods, which are for the most part very simple, have obvious affinities with t 
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deren ein, and inclide y object-sorting test of the kind he and Eva Rothmann originally 
suneestad' LT ded = o aphan Sue also na an ingenious test involving pictograms 
test akn te d n ‘A a Sud iu alor O: proverbs and metaphors, a picture-arrangement 
tse S ha of | echsler, and certain variants of the word-association experiment. 
anne iniques are described fairly fully though no attempt is made to provide 
antitative standards of normal performance. 
The results, which are given for the most part qualitatively, are of considerable interest. 
A Sustained attempt is made to analyse test performance in relation to the different 
aspects of normal thinking, e.g. generalization and abstraction, the logical course of 
At the same time, an indication is given of the incidence, 
erity, of thought disorder in a variety of neuropsychiatric 
t scular disease, brain injury, schizophrenia and psychopathy. 
cannot, however, be said that this analy is particularly systematic or that it bears 
at all closely on aetiological or diagnostic issues. 
in This study illustrates well both the advantages and the hazards of descriptive clinical 
quiry. While Western clinical psychologists will be shocked, not without some reason, 
by the lack of scores, norms and statistics, neurologists and psychiatrists will recognize 
in Dr. Zeigarnik’s work much that is familiar to them from their own experience which 
they have lacked time, and perhaps also talent, to pursue. Thelink with general psychology 
18 also closer than is perhaps usual. Although Dr. Zeigarnik is at times a little unfair to 
Western clinical psychology, which she regards as both scientifically and ideologically 
Suspect, there is no doubt that she seeks to establish the study of thought disorder on 
a genuine experimental basis. In spite of its technical deficiencies, her work shows 
Clearly how much is to be gained by the use of simple methods, appropriately geared to 
issues in normal psychology, yet suitably adapted to the subtlety and many-sidedness 
of human thought and its disorders. N " 
ated by Dr. Basil Haigh. Professor Alexander 


1 This book has been excellently transl PANE 
-uria contributes an appreciative Foreword. iiL LANGWILL: 


thought, and its purposivene: 
and to some extent the s 
conditions, such as cerebri 


Brain Functi 4 in Medical Sciences. No. 2. Proceedings of 
ion. Vol. II. UCLA Forum in Medical scienc s 

the Second Conference, 1962: RNA and Brain Function, Memory and Learning. 

Edited by Mary A. B. Brazier. Berkeley and Los Angeles: University of Cali- 

fornia Press. 1964. Pp. xvi + 360. $10.00. (Agents: Cambridge University 


Press, 1965, 80s.) À 

, This seems to have been a wishful Symposium if ever there was one, and like most 
Wishful enterprises distinctly autistic in its fulfilment. The idea seems to have been to 
gather together everyone above a certain level of scientific distinction whose work in his 
m field might be thought to bear, however tenuously, on the theme of arde 
ith breathtaking rapidity we pass from the ultrastructure 0f NUENA how. SE 


amnestic s 1 i Amazingly, à : 
yndrome in Wn. c hich ht seem to lend 
So A . ; i n ost of the papers, which mig. - 

pu ng worth saying dn Mee qi. es Sntelligence. Unfortunately, it seems 


su n B f : 
Mog omes eM a mesa factor will emerge in the elucidation of 


g to the participants (an 
these inter-disciplinary CO t 

* dividual disciplines, and on the quality 

O. L. ZANGWILL. 


The Child, Edited by William Kossen. London and New York: Wiley. 1965. Pp. 
Xii + 3or. 38s. cloth; 23S. paper. ' >Q 
i S e Psychology” series. 
Th i . Kessen and Mandler's Perspectives in Psy , i 
Like o Eos E = ert nowadays, it comprises nibblings from over a oe 
different eee ranch in this instance, from the early seventeenth century ( s - 
9n Rewards, Reputation ‘and Curiosity) to the present day (Piaget, ae m : E 
Thought). The selected writers include Rousseau Darwin, Binet and Simon, J. B. 


Wats Seventh Earl of Shaftesbury. In addition 
po UU inr erg po Kessen gives a general introduction and a 


to excerpts from books b d 
y these an n S 
few explanatory notes, linking each pair of adjacent chapters. 
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The reader of such a compilation is bound to find something of interest but he is 
likely, too, to ask himself whether yet another arbitrary though eclectic collection 0 
this kind achieves very much. It is true that the reviewer had not known that the 
collaborator of Binet (who died in 1911) lived until 1961. And it is intriguing to learn 
that whilst Watson, in 1928, recommended re children, “Never hug and kiss them, never 
let them sit in your lap," William Cadogan, in 1749, recommended “to tumble and toss 
[the child] about a good deal, play with it, and keep it in good humour." The book, 


however, is rather for the seeker of hors d'oeuvres than for one who enjoys a hearty meal. 
A. W. HEMM. 


Infantile Autism: The Syndrome and its Implications for a Neural Theory of Behaviour. 
By Bernard Rimland. London: Methuen. 1965. Pp. xi + 282. 305. j 

As viewed by an experimental psychologist, speculations about childhood psychosis, 

of which infantile autism is a sub-category, have only just begun to emerge from the 
realms of folklore and superstition. Of course, excellent and perceptive clinical descrip- 
tions have been available for some time, but in the absence of definite experimental data 
explanatory hypotheses have run riot. It is to Rimland’s credit that he disposes of one 
of the most prominent of these—the theory of the psychogenic origins of the illness 
which seeks the cause for the abnormality of the child in parental treatment and attitudes. 
In its place, the author attempts to put a more biologically orientated theory. Though 
laudable as an attempt, Rimland’s view of the function of the reticular formation, which 


he selects as the locus of impairment in infantile autism, is somewhat naive. Moreover, 
the factual support for his hypothesis is not much greater than that fora psychogenie 
Ithough the 


theory, which he rightly rejects on the grounds of insufficient evidence. A i 
book contains some interesting suggestions, the present need in this field is for press 
information resulting from adequately controlled experiments, rather than yet mor 
speculation. Beate HERMELIN: 
Inside the Black Room. By Jack A. Vernon. London: The Souvenir Press. 1964. 
Pp. xvii + 203. 21S. 

This book gives a clear and straightforward account of the Princeton work on human 

sensory deprivation, with which the author was closely associated. Although not 
e 


very new emerges, it is a useful review at the semi-popular level and deserves @ 
O. L. ZANGWILL- 


title. 
Hypnotherapy: A Survey of the Literature. By Margaret Brenman and Merton M. Gill. 
The Menninger Foundation Monograph Series No. 5. London: Wiley (Scienc? 


Editions). 1964. Pp. xi + 276. 135. r 

This is a paperback reissue of a book first published in the States in 1944 and which 
appeared in an English edition in 1947. It contains a review of the history Fp 
therapeutic applications of hypnosis, four case studies from the Menninger Clinic, and & 


experimental study of Lewinian tension-systems” in relation to certain hypnoU* 
tful whethe 


phenomena. Although the book is by no means without interest, it is doub 


it merits re-publication. O. L. ZANGWILE- 


"ye : “i 
Principles of Training. By D. H. Holding. London: Pergamon Press. 1965. PP- id 


+ 156. 17s. 6d. 

This is an addition to the Commonwealth and International Library 
Technology, Engineering and Liberal Studies and contains an introduction by a 
G. P. Meredith. Although adequately referenced it is clearly not aimed at scholars aat 
is too abstract to be of immediate value to professional instructors. More likely to bene 
are sixth formers wondering about a career in psychology, and first year undergraduate. 

A chapter on knowledge of results is more advanced than this, and provides dm 
summarized classification of types of K.O.R. Other chapters discuss forms of guidar ; 
relying on animal and maze learning studies a little too heavily for comfort in a book a 
training, training aids and verbal instructions. The section which deals with factor 
affecting learning curves and transfer illustrates one of hazards of trying to genera 
training principles from learning theory. For instance, distributed practice is better th? 
massed practice. But then Dr. Holding honestly and clearly describes the difficulties y 
determining in any specific situation how much practice constitutes massing an Wee, 
much spacing. The fault is not the author’s; the conceptual gap between theories 


of Science 
professo 
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posu and principles of training is as wide today as it ever has peen. The exception 
185 A GEH of programmed instruction, and this is another excellent chapter for the 
wl ids ice. The essential differences between linear and branching programming are 
l described and exemplified. 
PEL style of writing is clear—a ? 
S à paper-back the book is expensive. 
nephew than to put into the department library. 


By A. G. Holt. Springfield, Illinois: 


little flat—and the illustrations well chosen. Fora 


It would perhaps be more suitable to send to 
R. CONRAD. 


Handwriting in Psychological Interpretations. 
a Thomas. 1965. Pp. xiii + 262. $10.50. 
NN ie is no limit to the ways in which personality may be studied. In his hand- 
of i ee a man undoubtedly expresses something of himself, but though many systems 
T erpretation have been put forward, none have gained general acceptance. 
" E author of this book claims that his method ‘‘not only reveals the true nature of 
how m but also the impression a person conveys on and his attitude towards his world, 
Bub a hers see him and what they expect of him.” No explanation is given of method, 
So over 8oo illustrations, mostly of minute graphic details, are named and interpreted. 
me of the interpretations recall w all buta few are unpleasant. 


I hat other writers have said 
he work cannot be regarded as a serious contribution to the study of personality. 


B. BABINGTON SMITH. 


Advancing Psychological Science. Vol. 4- Research in Physiological Psychology. Edited 
by Richard R. Louttit. Belmont, California: Wadsworth. 1965. Pp. x FA 

s of selected readings were briefly 
me contains three sections, 
and Intracranial Self-Stimulation, respec- 
a coi n Cannon, Bellows ann a Pe 
a coherent story. The second o much speculation and can be said to 
$ little more dian pose the problem of memory jn its physiological aspects. The third 
rs S with a topic still too recent to enable its long-term importance to be ow 
die little difficult to see what principles 8 T. a S cie 

ages the student is supposed to gam OL. Pow. 


f 
TOm the periodicals. 


paper-back serie 
186. The present volu 


Selected Papers by August Aichhorn. Edited by 
York: International Universities 


O. Fleis c z . New 
Fleischmann, P. Kramer and H. Ross. New iur ee. ak dS ast 


Press Inc.; (London: Bailey Bros. & Swinfen). 
. This is a short s i e 7 thor by Wa ward Youth, who was a pioneer 
mung election of papers by the author Dy Ly 1 [ 

m the application of fon dian ideas to education. Among the issues dealt wily ere 
es juvenile court, reward and punishment in education, ai awe en = eee 
K d + A i F 1 

9m the psycho-analytical standpoint. Miss Anna Freu con Ws Uere d 


a : 
Ppreciative Foreword. 


Delinguency and Child Guidance. 


^ ; York: Wiley. Second 
Psy chology of the Child. By Robert I Watson. London and New y 

aditi 5 dec : 3 
opm kA o e i he conventional manner. 


This is a well-bal st wri in t 
/ell-balanced text written 1 " : Sbeas 
t to, child dev elopment an y! 
psp th little knowledge of the 


brin 

gs together a great deal of material on, EPES 

fg S wareness of psychological principles. But to a reviewer wi Apa ne ten. 
eld it all seems a bit uninspired. 


Tragedy in 
R. Grinker. 


It undoubtedly 


Si " Three Acts. By Percival Bailey, MD: With & 
Ente The Hte Springfield, Illinois: Thomas. 1965. Pp. xvii 
hows m. 85:75. al and highly critical lectures about Freud, which are, however, a 
good deal Pe opan abysmal title might suggest. The author, who isa distinguished 
neurologist, is kjer ; the kind of person who can't take Freud and can't leave him alone. 
(His old ah "xo : a im ue, Dr. R: R. Grinker, who describes himself in his Foreword 
às a "psychoa: de i Et jotrist," has a ere idea why not. , Although Dr. Bailey's 
drama n ere the great man from his peus i — mí an inch or two 
from th n "e -1 biographer, which wou e no bad thing. 
e stature of his official biograP ©. E. ZANGWILL. 
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Theories of Personality: Primary Sources and Research. Edited by Gardner Lindzey and. n 
Calvin S. Hall. London and New York: Wiley. 1965. Pp. xiii + 543. 539 - 

This is a kind of scrapbook of personality research, organized in terms of contemporary | 
theoretical approaches. It is divided into twelve sections, of which three are concerne ¥ 
with psychoanalysis and its derivatives and seven with writings by, or inspired by, 
Murray, Lewin, Goldstein, Allport, Sheldon, Rogers and Murphy. The two remaining. 
sections are devoted to factor theories and stimulus-response theory respectively. Whereas — 
many of the individual chapters have merit, the whole is overlong, indigestible and dis- — 
spiriting. The only consolation is that 543 closely printed double-column pages at a 
penny farthing a page is, by prevailing standards, a decided bargain. O. L. ZANGWILL- ^ 


Colour Experiments with Modern Sources of Illumination. By K. v. Fieandt, Lea Ahonen, 
J. Járvinen and Arild Lian. Finnish Academy of Science and Letters, Series ' 
No. 134,2. Helsinki: Suomalainen Tiedadatemia. 1964. Pp. 89. 7.50 F.mk. 


This excellent volume reports four interesting researches on the effects of fluorescent 
lighting on colour perception. Professor von Fieandt contributes a useful introduction, ; 
in which he stresses the seriousness of the problems created by modern lighting of the um 

normally called fluorescent and often giving apparently or nearly white illumination. 1 
deception created by these light sources is, of course, greatest when they are most nearly | 
white in appearance, and when their spectral energy distributions are widely differen 
‘from that of normal white light. When they are manifestly yellow, as in sodium, oT bn 
green, as in mercury lighting, the dangers of errors in colour judgment are still considerab. s 
but not so great. Colour constancy depends on the presence of cues of the "real" colo 
that is, the colours of an object in normal white illumination. If there are no such cues; 
"and the illumination is exclusively in a light with energy distributions in the spect 
widely different from that of normal white light, even if it looks white, colour consten 
will be limited to the influence of memory colours, to the knowledge of the her. 
certain objects normally have in true white light, and to perception of the illuminat? 
colour. Apart from such cues the object's colour will be dependent on the stimu ot 
qualities, namely the light reflected from it in a given illumination. A dark blue mo i 
car will look black in sodium lighting, unless there is the slightest bit of white Or inca’ 
descent light shining on it, andthen it will look more like its real blue colour, bu 
fluorescent light overloaded with short waves it might look violet. es 

Dr. A. Lian contributes a useful study of chromatic contrast effects using different tyP 

of illumination. Professor von Fieandt's research report is about thresholds in colo m 
perimetry for hues in fluorescent and extreme incandescent illumination. Dr. L. Abonos 
gives us an examination of the degree of invariance in different object colours when show 
in alternative illuminations. Dr. J. Jarvinen contributes a study of relative dep E 
localization of chromatic surfaces in alternating incandescent and fluorescent illuminat? 

Lastly, Professor von Fieandt makes a summary and concluding remarks. These ý 
excellent examples of experiments in colour. R. W. PIckFORP- 
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SUCCESSIVE REVERSALS INVOLVING TWO CUES 


BY 


N. S. SUTHERLAND 
From the Laboratory of Experimental Psychology, 


roblem with two relevant cues— 
rsals in succession on the 
each cue presented on its 
dual animals tended to %4 


Sussex University 


unis wwe trained on a visual discrimination pt 
Sane ess and orientation. They were then given eight reve 
own pee lem: After reversals 7 and 8 they were tested with e 
reverse re how much they had learned about each. Indivi t 

se the cue about which they learned more from reversals 7 to 8, so that animals that 


had lez Piers 

wr. leamed reversal 7; mainly in terms of the brightness cue learned reversal 8 mainly in ' ` 

| 1s of the orientation cue and vice versa. The result provides further confirmation for 

M ee eCess model of discrimination learning in which one process is that of selective 
lon, 


i Recent evidence strongly suggests that discrimination learning in animals è 
nvolves at least two separate processes (Mackintosh, 1965; Sutherland, 19644). 
Sutherland (1959, 19640) has suggested one such model, in which the two processes 
E conceptualized as learning which analysers to switch in and learning what 
Pon to attach to the outputs of those analysers. It is assumed that animals 
er analyse stimuli along many different dimensions, and in learning a discrimination 

€y have to learn to switch in the analyser or analysers that classify stimuli along 


the dimension or dimensions on which the discriminanda differ. Only when an 
learn to attach the correct responses to its 


er is switched in can animals h the ; 1 
puts and the more strongly any one analyser is switched in the slower will 
carning of responses to the outputs of other analysers proceed (Sutherland and 
Holgate, 1966). One of the phenomena the model explains is the effect of over- 
training on reversal In most circumstances overtrained animals reverse faster 
than animals trained to a criterion, and it is assumed that overtraining strengthens 
t * correct analyser more than i s the correct response attachments. 


; ttachments to the 
hus the overtrained animal can ponse atta 


relevant 3 n-ove d (Mackintosh, 1962). 
aes nire hostes to successive reversals, but it is known 


So far the » lied 
> model has not been app^e c x 

that if mammals are given a series of reversals their performance normally improves 
Over the series as a whole. At the outset of each reversal, animals make a series of 
errors and the strength of the relevant analyser will decrease: the analyser will 
: trengths attached to the outputs 


Teach its lowest level at a time when the response S 
of the analyser are equal for the two possible responses. As soon as the response 


attachments are reversed, the animal will be reinforced for using the correct analyser 
n d. Ifin a given reversal the analyser fails to 


again and it will again be strengthene 
‘Op as far as in E previous revers before the response attachments are reversed, 
then the next reversal will tend to be faster, and at the end of that reversal the 
analyser will be higher than at the end of the previous one, and therefore will not 
97 
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drop as far during the next reversal. Sutherland has simulated by computer à 
mathematical model of this kind and obtained successively faster reversals in 
stat-rats. The stat-rats also took longer to learn their first reversal than they took 
to learn their original discrimination, an effect also found with real rats. 

Although this is one possible explanation of the improvement in performance 
shown over successive reversals, it is unlikely to be the whole story since animals 
may eventually come to reverse in one trial This suggests that switching the 
response attachments can itself be conditioned to the experience of non-reward, and 
this would involve a mechanism so far not built into the theory. If a switch m 
response attachments can be conditioned to non-reward, one may ask whether 2 
switch in the analyser used could also be conditioned to this cue. In most revers 
situations there is more than one cue present and therefore more than one analyse 
that the animal could be using to discriminate between the stimuli; thus position 
as à cue could presumably be detected in a number of different ways possibly 
involving different sensory modalities. If the stimuli can be discriminated in # 
number of different ways, then there are several methods by which an animal coul 
solve successive reversal problems. " 

To illustrate this, let us consider the case of an animal that is trained originally 
to select a white horizontal rectangle and avoid a black vertical rectangle, an A 
then given successive reversals with this pair of stimuli. An animal could learn hé 
reverse, by learning at each reversal either about the orientation or brightness of x 
stimuli, and it could reverse its responses to one cue only or reverse its respons 
to both at once. It might, however, learn to change the cue to which it atten¢ e 
in each reversal while not altering the response attachments to that cue. Thus! 
could learn to go to white when paying attention to brightness and to go to verte 
when paying attention to orientation, and switch the cue to which it attended from 
one reversal to the next. It is certain that the outputs from one analyser can contre 
which analyser is used next otherwise an animal could never learn to switch in € 
analyser in a given situation. For example, if a rat is learning a brightnes 
discrimination in a jumping stand, it must learn to switch in a brightness analys" 
when it is placed on the stand; since the information that it is on the stand 5 
provided by the outputs from other analysers, the use of the brightness analys i 
must itself be conditioned to these outputs from other analysers, If the use ° 
given analyser can be conditioned to a situation, it is possible that a switch from 
analyser to another could be conditioned to the experience of non-reward ™ 
Situation. The present experiment was designed to test this possibility. 


Subjects Mase? 


^ 1 P 
" The subjects were 24 male hooded rats from the colony maintained at the one 
peer Institute of Experimental Psychology. They were about 4 months ° from 
the start of the experiment, and were maintained on a 22:5 hr. feeding schedule 

14 days before the experiment began and throughout its duration. 


Apparatus 


r ti 
Animals were trained in a modified Lashley jumping stand. The animals had je 
learn to Jump from a Y shaped platform to a ledge below the window bearing 
positive stimulus; if they jumped correctly, the window was unlocked and they CO ed 
push it down to obtain food for 15sec. in a well behind the stimuli. If they i 
incorrectly, they found the stimulus window locked and were removed from the led 8° is 
front of it after 5sec. All training was by the non-correction method. All mp 
were pretrained to jump to plain grey windows. Trials were spaced at about de 
intervals and 20 trials a day were given. Further details of the apparatus and SE 
procedures used appear in Mackintosh (1963). 
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Experimental design 

; All animals were first trained (R,) to jump to a white horizontal rectangle and avoid 
a black vertical rectangle. The rectangles were cut from }-in. Perspex and mounted 
centrally on the grey stimulus windows: they measured 10 x 2:5cm. When animals 
reached a criterion of 18 correct responses in any successive 20 trials, they were retrained 
(Ry) with the black vertical rectangle positive. They received eight reversals after their 
original training, and were taken to the same criterion on each. A non-correction 
method of training was used throughout. Following their 7th and 8th reversal (R; and 
Ry) each animal was given transfer tests alternating with retraining trials. On the 
retraining trials, animals were presented with the training shapes and rewarded for 
Jumping to the shape which had been positive during the preceding reversal and not 
rewarded for jumping to the shape which had been negative during the preceding 
Teversal. On transfer tests animals were rewarded whichever stimulus they chose. 
Ten transfer tests were given in a semi-random order with each of the following four - 
Pairs of shapes: white vs. black horizontal rectangles, white vs. black vertical rectangles, 
horizontal vs, vertical white rectangles, horizontal vs. vertical black rectangles. Per- 
formance on the first two pairs of shapes tests how much the animals had learned about 
the brightness cue during a given reversal, performance on the second two pairs tests 


how much they had learned about orientation. 
RESULTS 


Reversal learning 
Figure 1 presents a graph of the number of trials to reach criterion during each 
Successive reversal. The first reversal (R,) took longer to learn than the original 


discrimination, but animals improved over the next three reversals. 


FIGURE 1 
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Transfer tests 


Table I shows performance during the retraining trials and the transfer tests 


Siven after R, and R, There was no significant tendency sd ene 
etter as a group on one cue than on the other in either Y: b TE Aea a um 
We can test in two ways for whether animals tend 15 is T à mm e 
attached to the orientation and the brightness analyser dint o uc ch w ys 4 
Controlling the behaviour from one reversal to the next. (1) oat : i 
endency for animals to reverse the cue on which they score more ne T om m 
Teversal to the next. Of the 24 subjects, I9 gave different scores both after R, 
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and after R, on transfer tests with each cue. Of these animals, 14 reversed the cue 
on which they scored more highly between R, and Ry. The probability of this 
result being due to chance is less than 0-05 (x 4:26). (2) A second test is to 
consider the changes in the scores on orientation and on brightness tests from R; 
to Rg. If the cue controlling behaviour changes from R, to Ry, we would expect 
that individual animals would show shifts in opposite directions for cach cue between 
R, and Rg. For example if an animal scored less highly in orientation after R; 
than after Rg we would expect it to score more highly on brightness after R, than 
after R,. There were 21 animals that showed shifts in their scores on both 
orientation and on brightness tests between R, and Ry: of these 15 showed shifts 1n 


TABLE I 
PER cent. CORRECT DURING TRANSFER 


ESENS E ee el Seem T TUI 


Retraining trials | Transfer lests | Transfer tests 
(both cues) | on brightness on orientation 
AER ? ad cc REN M puri i Bb 
R7 91:6 | 07:7 | : 
R8 Qro | 738 | 60:0 
| | -A 
. a à ; » . "m e an 
opposite directions on the two cues. Again the result is significant at better tha 


the 5 per cent. level by a chi-squared test. 


DISCUSSION 

Although the effect was only significant at the 5 per cent. level, there was à 
tendency for animals to rely on different cues during R; and R, as evinced by the 
results of transfer tests. . This suggests that animals can learn to switch from On€ 
analyser to another on successive reversals. The effect was not, however, an à 
none one: thus, of the animals showing the effect, only one actually scored at chance 
(50 per cent.) or below on its less used cue over both sets of transfer tests given @ »" 
R, and R, This suggests that most animals solved the reversal problems in yi 
ways: they tended to learn predominantly about the outputs from opposite analyse 
on alternate reversals, but they still learned to change the response attachments 
the weaker analyser on each reversal though not as effectively as they learnec. 
change the response attachments to the stronger analyser. It must be remember? 
that switching from one analyser to another while leaving the response attachmen y 
the same on both is only one method of solution and that there is no reason to eXP? n 
all animals to solve the problem in this way. The fact that a significant proport! 
of subjects gave evidence that they had solved the problem in this way can one 
be explained by a two process model of discrimination learning: the result cannot A 
explained unless animals can attach responses separately to each cue, i.e. unie 
there is some process of selective attention. j pe 

One other way in which the effect found might be brought about must ) 
considered. It is known from other experiments (Sutherland and Holgate, 19? e 
that animals initially have a preference for the horizontal over the vertical recta? 
and for black over white. 1f these preferences still showed after seven revers fe 
then we would expect that animals would do better on orientation than on brightne 
transfer tests after a reversal in which white horizontal was positive, and woul 2 
better on brightness transfer tests after a reversal in which black vertical ie 
positive. If this hypothesis could explain the effect found, there would be no ?' 
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A JE IOI 


to assume i a ; 

honror = E tended to switch the analyser about which they learned m: 
Sa secl p A y ves The data, however, refute the hypothesis Hs 
5 , animals should tend to do better ight t UR 

dee B. ue better on brightness tests after R. 

& Since the preferred brightness v: ji ra ipe eh 
"ul ghtness value (black) was positive in R;. imi , 
eae tend to do better on orientation tests after Rg than after cnr 
"cpi is preferred to vertical and horizontal was positive in Rg i Both im 
ned as a whole (see Table 1) and those animals showing the effect of switching 
Sten K -— sers tended to do the reverse of this, performing better on bighine: 
signife im E on orientation after R, though the differences lack any statistical 
Se he transfer test results wer 3 i b iral 
itia oeil st results were therefore not influenced by animals' 

t may be E N 
may be that switching between analysers plays a part in the solution of many 
Thus even where the experimenter attempts to make 


dimension, there can be no guarantee that this 
For example the difference between a 


SUD SES a 
pe e reversal problems. 
stimuli differ along only one 


differ. " 
rie is detected by only one analyser. 
ntal and a vertical rectangle could be analysed both by a mechanism that 


meas f x 

ade the amount of vertical and horizontal extent in the two shapes and by a 

Suis a that detected which stimulus extended lower in the visual feld. 
and (1961) has obtained evidence that both these dimensions of difference 


betw ^ 

veen g io A 

en a horizontal and a vertical rectangle are analysed by the rat. Thus the 
-essive reversal problems even in cases 


ee haus may have implications for success c 
ánotl a experimenter used stimuli which at first sight appear to differ from one 
ne only along one dimension. 
"e ne finding merits brief discussion. In previous experiments (Sutherland 
cues ca p 1966), it has been found that performance on retraming trials with two 
applyin be accurately predicted by performance on single cue transfer tests by 
g the formula 
P = pype / (Prhe + (1-5) (1-9) 
of a correct response with two cues present and fy and f» 
each cue present on its own. When 
fer tests in the present experiment, 
the two cue retraining trials with 
ormance on retraining 


oe P is the probability 
the a probabilities of a correct response with 
it pr mula is applied to the results of the trans 

Predicts 84-7 per cent. correct performance on 


Se cues present after R; and 86-6 per cent. correct perf 
als after Rg. Both figures considerably underestimate the scores actually obtained 


ah Table I). It seems possible from the results of this experiment and from those of 
p Mr experiment (Sutherland, 1966) that after prolonged training, animals 
as n to make their responses not just to stimulus components but to compounds 
Well. Hence if the compound is not present as in the single cue tests there will 


be z 
a severe fall-off in performance. sponses on compounds is 


" Learning to base res 
PE ea compatible with learning about the components separately and with 
-arning more about one compone 


sing] nt than the other. Thus switching in the dominant 
gle cue analyser might be ma 


co de to depend upon the cues having the correct 
M j Bound values. This effect does, however, further complicate an already complex 
Story, 
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REPETITION AND ALTERNATION IN RATS 


BY 
A. W. STILL* 


From the Psychological Laboratory, Cambridge University 


An experi i 
Tinaas periment is reported in which rats were forced 
aze, a E: K equally of 
for e E pw ing each forced trial, were given a free tual ^ bourn = d x à 
alternati .e. choosing the side to which they had j i pos 
lternating. All rats began b y just been forced), group A fo 
arigus. deli ats began by alternating, but group R eventually lea dim 
Pr Pound ES a E piss ys and forced trials were introduced, and Pos cerca pcd 
j| The ded ' similar for the two groups. It is ar ed tl re Rd 
hne lo zit O 2 J gu hat these results show: 
rewarded ¢ n alternation with delay found in experiments on s i 
tendency "ict is due to loss of information rather than a decline anes desto. Ed 
trace. The D he trace involved is sufficiently general to be regarded as a eT 
act that rats can learn to repeat is inconsistent with the accounts of the 


memory 
y trace suggested by the theories of Deutsch and Walker. 


Rat INTRODUCTION 

ats s 

delayed. oe spontaneously in a T-maze (Dember and Fowler, 1958) and 
alternation, where a rat is rewarded for alternating, is a familiar delayed 


response » s 
> task. Alternation, whether spontaneous or rewarded, involves retention 
last entered; thus some kind 


ofi : 
of [o i m since choice depends upon which arm was 
€ used i. is must be laid down when a rat enters an arm, and alternation may 
gradually dé = of memory. Previous experiments show that alternation declines 
alternation Si e intertrial interval is increased up to several hours whether the 
(Zeaman A E (Ladieu, 1944; Petrinovitch and Bolles, 1957) or spontaneous 
Conventional å eet 1951; Walker, 1956); if these results are compared with 
formance nis ayed response experiments, such as Smith. (1951), in which per- 
and spontane ines to chance within a few seconds, the forgetting curves for rewarded 
traces and fo € alternation appear strikingly similar, which suggests that the same 
Befor dd ting processes are involved. ed f 
e using alternation to investigate memory two preliminary questions must 


e answered: 


G) Is the decline in alternation with 
" due to a decline in the alternation 
(ii) Is the trace involved sufficiently general to be re 


It is possible, for instance, that the information stored can only be retrieved 
d as the basis of any other response. This 


in alternation, and cannot be use 
may be tested by rewarding a rat only if it repeats its previous choice; 
learns to repeat, this would indicate that other 


if it gives up alternating, and 
responses, besides alternation, can be based upon the trace. Furthermore, 
if the same trace is involved both in delayed alternation and delayed 


repetition, performance should be a similar function of delay in the two 
cases, If this is found to be so, then an answer is provided to the first 


question; for if the decline in performance with delay in rats rewarded for 
alternating is due to a decline in the alternation tendency, à similar decline 
would not be predicted in rats rewarded for repeating; while if it is due to 
loss of information the decline should be the same whether rats are rewarded 


for alternation or repetition. 
* 
Now at Psychology Department, University 


delay due to loss of information, or is it 


tendency itself? 
garded as a memory trace? 


of Durham. 
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Among existing theories of spontaneous alternation, at least two suggest an 
account of the trace involved in which it is not a memory trace in the general sense 
discussed above, and predict that it should not be possible to teach rats to repeat. 
The two theories are: 

(1) Deutsch (1960). According to this theory, the probability of a rat's approach- 
ing a stimulus depends upon the amount of excitation in the “link” representing the 
stimulus. Excitation enters a chain of links at the link representing the reward 
stimuli, and is conducted down the chain to the choice point links. Spontaneous 
alternation occurs in rewarded rats because, when an arm is entered, its links become 
temporarily refractory to the passage of excitation; the memory trace is this 
refractoriness. In order to repeat, therefore, a rat must choose the arm whose 
links are refractory and have least excitation; but, ex Avpothesi, it chooses the arm 
whose links have the most excitation, so it should not learn to repeat. 

(2) Walker (1958). Part of the "action system" underlying an action goes through 
a process of “recycling” following the action. During recycling, potentiated phases 
alternate with decremental phases; since the probability of the action is reduce 
during the decremental phase, and this lasts for a relatively longer time than the 
potentiated phase, alternation between actions will tend to occur. The memory 
trace is the recycling and to learn to repeat, therefore, a rat must learn to carry ouy 
the action whose system is predominantly decremental; as with Deutsch, this 
conflicts with the principle on which choices are supposed to be based. for 

In the following experiment one group is rewarded for repeating, the other 
alternating, and performance is tested as a function of delay. 


METHOD 
Subjects 


Ten female hooded rats, about 6 months old at the beginning of the experir 
obtained from N.I.M.R., Mill Hill. They had previously been used in a rur 
experiment (a repeat of the experiment by Chapman and Levy, 1957). 


Apparatus 


1 rere 
, An alley maze in the shape of an E, as shown in Figure r, was used. ‘The alleys Qe 
4 in. wide and 6 in. high, and the maze was of unpainted aluminium throughout, ex 


FIGURE 1 


ment, were 
nway 


32in. 


4in. 
Floor plan of the maze used. 
aso 
that the floor of the left arm was black, and of the right arm white, and the roof was.” 


wire netting; lighting was provided by two 3o-watt striplight bulbs suspended 
above the roof of the maze, one on each side of the choice point. 


lowered from behind the start box by means of string. At the ends of the arms o el 
maze were removable food cups, in which the reward was placed; they were d of 
e 


$ in. off the floor, and were $in. in diameter; the reward consisted of broken pi 
standard food pellets (Oxoid 41b), each piece weighing approximately 150 mg. 
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Procedure 

On all trials the rat was put into the start box and 5 sec. later the 
he stem was raised. The trials were given 
forced down one arm, being prevented 


x Days 1-45. 
poe ig door leading from the start box to t 
uU On the first trial of a pair the rat was tor " $ v 
d entering the other arm by means of a guillotine door at the choice point; it was 
z arded by one piece of food ïn the food cup, and, after it had eaten this, was picked 
1P and put back into an individual retaining cage, 6 ft. behind the start box of the maze. 


After a delay a further trial was given, with both arms open. The rats were 


randomly divided into two equal groups: 
given if the rat repeated the 


Group R. On the second trial of a pair reward was only 
If it alternated it found 


Ti c $. N : 

aes it had been forced to make on the preceding trial. 
ither food nor food cup at the end of the arm. 

ard was only given if the rat alternated. 


Group A. On the second trial of a pair rew 
arm was closed behind the rat, 


mi Following an error, the guillotine door to the chosen 
hich was then left in the maze for 15 sec. 
i Unless otherwise stated, two pairs of trials were given per day, one at about 10.00 a.m., 
and the other at 10.00 p.m. After each of these two daily sessions, when all the rats had 
been given their pair of trials, they were taken back into the keeping room and 5 min. 
DOR they were given food for t hr. They were thus about 11 hr. hungry when tested. 
icm the first ro days the intertrial interval was 20 sec.; for the next 23 days it was 
1 Ù min. ; and for the final 12 days it was 20 sec. again. Pairs of trials were grouped into 
locks of four and over each block of four pairs a rat was forced on the first trials 
alternately LRRL and RLLR (R = right, L = left). Three rats from each group began 
With one such sequence, two began with the other sequence. Any rat not entering the 
Open arm on the first trial of a pair within 3 min. of being put into the maze was pushed 
Into the arm with a closed fist (there was only one rat, from group R, that had to be 
Pushed in this way, and this was only early on in training); on the second trial of a pair, 


Tats were left in the maze until they had chosen. 

After 45 days two of the rats from each group were discarded. In group Ray 
three rats showed signs of learning to repeat, and these were retained. In group 1 one 
M tee discarded for consistently biting, and the other rat discarded was the only rà 

ne group that fai alternate above chance. , 

aS Poen ^ Se scare was as before, except that delays between trials aver’ 
alternately I5 min, and 25 sec.; an exception to this was that the evening pair of trials 
on day 50 had the ‘same delay as the morning trials on day 52; this ensured that the two 


delays i i ing and evenin 
š were giv ally often in the morning anı evening. £ 
Eivensequally as increased to 30 mn., otherwise the 


Days : eT ative, TAS 
57-60. The delay between trials W : 
Procedure was the same, except that the rats were fed only once per day, for 2 n xU 
de Morning trials; they were thus more highly motivated for the morning har 


evening trials : 
wa Days 61-64. The procedure was as for the previous 4 days, except that the-delay 
vas increased t 
a o 1 hr. ] " c the rats 
as for the previous 4 days, except that CES 


Days 65-68. TI rocedure was 5 
Were ne unig halt the pre-delay trials. Half the rewarded pre-delay 


Were given i y € dco 
mn int half in the evening j j l 
AUS B The- procedure was as for days 61-64, except that food was present in 


both arms at the time of choice. This provides a control cae d na a dmi ee 
he rats can smell the food from the choice point and choose on ; rh E ipeo e 
ays 71-78. Delay was increased to 4 hr. and only one pair of tria AL ew eet 
This was given in the morning and the rats were fed in the evening, S 


day. 
Wi i laily trial. 
ere about ro hr. hungry at the time d ine A 51 9, except that half the pre-delay 


tri Days 79-9o. 'The procedure was 
lals were unrewarded. 


RESULTS 


Days x 

745 : 3 d 
Figure 2 shows the percentage correct for each group (excluding the e peo 
after day 45). Rats failing to learn, and discarded, showed strong position p 
ences after the first few trials. 
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FIGURE 2 


Gp. A 


Per cent. correct 


dL L4 41 4 T) 
l6- u 26 EDI 34 37- 42-45 


Stage of training in days 


" A r ; ting 
Performance as a function of stage of training, in rats rewarded for alterna 


(Group A) and repeating (Group R). Delay between trials was 20 sec. on days 1-10 an 
34-45, and 15 min. on days 11-33. 


After day 45 


All the remaining rats in both grou 
binomial test (Siegel, 1956) the over: 
above chance at the o-oo1 level. 

Performance as a function of delay. 
each group at each delay. 


ps show a high level of performance. | By ke 
all performance for each rat is significan 


T 
Figure 3 shows the percentage correct fo 
FIGURE 3 


Gp. A 
Gp. R 


Per cent. correct 
è 


50 


251530" Thr 


4hr 
Delay 


Performance as a function of delay. 


Control trials for olfactory cues, 
aid the rats, the rats of group R re 


respectively. The group percenta, 


t 
On days 69-70, when olfactory cues could = 
peated four, three and three times (out of fo 
ge of correct choices is therefore 83 per cent. 
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no 7 
Table I shows performance as a function of reinforcement 
einforcement is varied. Both groups appear 
ded on the first trial or not. In both groups 


E iium on the first trial. 
A 2 first trial for all days when first r 
perform above chance, whether rewar 


TABLE I 


PER CENT. CORRECT AS A FUNCTION OF RE 
TRIAL; Days 65-68 AND 79-90 


WARD ON THE PRE-DELAY 


| 
| Reward pre-delay No reward pre-delay 


Group A 7 80:0 
Group R 7 70:0 


a NEN 


rewarded trial, so that group 
R performs better. 
are combined, 


3 
6 


repeat following à 
warded trial, while group 
ficant even when the groups 

under the two 


rform at the same rate 
nore when the first trial of a pair is 


there is s 
pu slightly greater tendency to 
ewes 5 less well following a rew 
Since ie this tendency is not sign! 
conditions [ses from each group, pe 
reward if eaving four rats tending to repeat 1 
ed (by the signs test, one-tailed p = 0:0625). 


DISCUSSION 


ts can learn t 
o conclude from Figure 
rded for repeating OT 


o repeat an immediately preceding 
3 that forgetting curves 
alternating; for, (a) rats 
b) the numbers in the 
lts of conventional 
it is clear that the 


siepe n that at least some Ta 
are üe though it would be rash t 
Were mari whether rats are rewa or 
groups Scarded from the two groups on different grounds; ( 
delaye bei very small. Nevertheless, relative to the resu 
cias esee experiments (such as that of Smith, 1951), 
delayed E curves are very similar to each other and also to the curves from other 
memor and spontaneous alternation experiments; this suggests that the same 
the tr. y trace and forgetting processes are involved. If so, we can conclude that 

ace involved in alternation can form the basis of responses other than 


a A 
alternation, and that (i) the decline in alternation with delay 15 due to loss of 


i ; 
nformation; (ii) the trace is sufficiently general to be regarded as a memory trace. 


The results conflict with the account of the memory trace suggested by the 
Thus, while these theories may st 


theorie S 
s of Deutsch (r960) and Walker (1958); 
ie n ch they were intended, we must look 


a . 
"xa to some of the areas of behaviour for whi i 
alten here for a satisfactory account of the memory trace in spontaneous and delayed 
“‘ernation, 


port; Mr. A. J. Watson, 
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SPONTANEOUS ALTERNATION AND PATTERN OF 
REINFORCEMENT 


BY 


A. W. STILL* 


From the Ps i 
he Psyc | ] "niversi 
Y chological Laboratory, Cambridge University 
In Ex n 
: “xperime -ate were gi i i 
Were recu ae l rats were given one patr of trials per day in a T-maze; gro RN 
: cre AE pum » E ^ trial only, NR were rewarded on the second trial R RR 
and there 3 oth trials. < ternation was appro xima 7 "a > 
: S AOI fe n as app. ximately the same for à 
in the iE | a decline in alternation over 28 days. There was [em e 
»ehaviour on trials when rats failed to alternate, NR and RR but net RN, 
, NN, 


choosi 

sing accordi iti 

earlier theori rding to a position preference. These results are incompatible with sever 1 
ies of spontaneous alternation, and the hy " 


alternation is initi ypothesis was ut forw: 
explored: the amity part of an exploratory tendency, but that, when the E 
have been a peplonwck Heu dies down, and alternation only continues when rats 
tested in a E orced (primarily or secondarily) for alternating. "This hypothesis wa: 
à second experiment, similar to t 1 x 


not ri he fir: in whi 

x CHEM is he first but in which one g 5 wi 

in PE a on either trial; as predicted, this group showed h ae e debe e 
ation than rewarded rats. € " us 


INTRODUCTION 

rn to repeat their choices, which 
s of spontaneous alternation put forward by 
In the present paper further predictions from 


d in an experiment in which rats are given one 


the first trial is rewarded, for another the second, 
The theories tested are: 


It has 
has been found (Still, 1906) that rats can lea 


is di 
pu to explain on the theorie 
these m gen and Walker (1953). 
Pair of triz another theory are teste 
and for vw per day; for one group 
(a) De third group both trials are rewarded. 
the Ti (1960). Choice in a T-maze depends upon the relative excitation in 
s representing the choice point stimuli of the two arms. Excitation flows 


doy 

ane E cigna of links from the link correspondin -ard, and where both 

resistance suis rewarded the excitation at the ci d upon the 

an entr Be ED excitation in the chains © ) following 
Teward y EO an arm; (D) when a stimul do so, as when . 

than t i withheld; the increase due to (b) l lasts longer 

hat due to (a). When reward is withheld there WI tors making 

4ll only be (a); so 

ater following 


hile when the rat is Tew’ 


or i E 

resistar reased resistance, W 

arewa and therefore probability of alternation, ji à 

i arded trials, Furthermore, the difference between the two conditions will 
urce of alternation when 


in 
eek wat the delay between trials, since the only so! 
Bex Nox is relatively temporary. - j 
han 5 Maie Rats rewarded on the first trial of a pair shoul 
s not rewarded on the first trial, provided that they 


Tewari : 
ded. The difference shoul with delay. 


d increase 

mu ri Valker (1958). An action gives rise to recycling, in the pum ly 

aa ing the action; if the,action is reinforced, this recycling process will ini e y 

and pde vigorous than when it is not reinforced, 1l decline more rapidly, 

ave the action system at a lower threshold level; the more vigorous the 
of Durham. 


d show less alternation 
are at least sometimes 


* 
Now ze - 
Ow at Psychology Department, University 
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recycling, the greater the probability of alternation, so that, immediately afier HE 
action (e.g. a choice to the left or right in a T-maze) alternation will 3e ae 
the action was rewarded. With a longer delay, however, alternation ‘sill an e 
likely following an unrewarded trial, since the recycling process dies down m 
Ron tutu Rats rewarded on the first trial of a pair should show aie 
alternation than rats not rewarded on the first trial. This difference should decreas 
with delay, and eventually reverse. 


(3) Montgomery (1951). Alternation is assumed to occur initially as E | 
of “exploratory tendencies,” which decline in strength as the maze is exp ae 
In spite of this decline, alternation may continue as a learned response to pr oP » 
ceptive stimulus traces set up by the previous response; these traces are estimated 
have faded away by about 9o sec. . 2 

Prediction. Alternation should decline with training if the second trial of a pait 
is unrewarded, but not if it is rewarded, except when the delay between trials 15 
over 9o sec. i . : ^ O—— 

In most previous experiments using rats rewarded on all trials alternation * 
not been found to decline with training (Wingfield and Dennis, 1934; Zeaman € 
House, 1951; Rothkopf and Zeaman, 1952). Weitz and Wakeman (1941) did a 
a decline, but this is probably related to the fact that they used a common goa 
box, since Sutherland (1957) found more decline in a maze with a common goal box, 
than in one with separate goal boxes. 


EXPERIMENT I 
Method 


Subjects. Twenty-four male hooded rats, about 3 months old at the beginning of the 
experiment, were obtained from N.I.M.R., Mill Hill, London. 
Apparatus. An alley maze was used, as show: 


n in Figure 1. For the actual exper? 
ment only alleys W, E and S were used, forming 


a T-maze divided off from the rest of the 


FIGURE 1 


m 
A N € 
x W E a d 
] i 
» 
B S D 
Floor plan of maze used. For description see text. 
maze by means of aluminium doors. Some of the other alleys were used in the P xc 
training, described below. The inside height of the alleys was 5in., and the maze RE 
of unpainted aluminium throughout, except that the walls of alley W were palm 


white, of alley E black; the roofs were of Perspex. Lighting was provided by mo 
30-watt strip-light bulbs, 18 in. above the roofs of W, E and S. Guillotine do? 
controlled access to the arm: 


arc io S W and E from the stem. At the ends of each arm were {00 
holes, 2 in. in diameter, which could 


s 
1 2 be closed by means of sliding doors; these doo” 
were flush with, and just below, the 


inner 
floor of the maze. The holes contained Skinne 
box pellets, made from standard laboratory diet. 


r 
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Pre-tvaining k 
Days 1— J i à 
ays 4. For 5 min. day 
E / 5 per day 
uminium platform (1 ít. X 3 ft.) in groups of four. 


water. 
Days 5-8 for 5 mi T y llowed to = 
ys 5-8. or 5 min. pe! day the rats were allowed to explore one oí the T-mazes 


ABX, CDY g gi £ T. W and water, and 
il of Figure 1 in gr i 
1 ue A oups O: four. They were satiated for food d wati 
the food holes in the maze were closed. Each rat ex erienced each of hs m : 
equally. P ach of the two T-mazes 
Days 9-12 Fi = mi r day € T IV t ore, on its own, one c 
Reni . or 5 min. pe lay ach rat was allowed to expl re, on its a Í 
the arms of the T-mazes used on days 5-9- After 2 min., the food hole at one a of 


the a 

rm was à ; ; 

hungry pus openi and feeding was permitted for the remaining 3 min. The rats were 

day's Ree. food in the living cages for 3 hr. per day, beginning 10 min. after cach 

raining session ; this schedule was k o ghout OFT i is 

otherwise M Ma 1 s keptt throughout the experiment, except where 
a p i 
yS 13-16. The rats were traine 


rats were handled and allowed to explore a flat 
They were satiated for food and 


arms d to run along an alley-way, made u , 
aue of the alleyways used on days 5-8 (ie. alley AB, or alley CD). aO were 
Started at trials per day; one food hole was open, and 15 sec. eating allowed. The rats 
were iiy one end of the alley and ran to the other; the four possible starting points 
bre equally often to each rat. 
Started deep As for days 13-16 except that alley S 
divided i m S. After the end of the training session on day 
running into three groups of seven ri three rats being 
Dae and eating. 

Tats a t _ A test of alternation wi 
9 one pene given one forced trial in the 
Were open (the door to the other arm beini 

In their li » and 15 sec. eating allowed. 15 min. later t 
Was free bob cages. 17] hr. after the forced trial one rew 
In their i! oth arms of the T-maze being open). 15 TES 
Tun in ie ue cages for 4 hr Previously (and Subsequently unti ay 
was dos afternoon; for the free trial of day 22 they were run in 
scarded for failing to choose within 5 min. on day 22- 


Testing 


N was used, the rats always being 
20, the rats were randomly 
ats each, discarded for slowness in 
ween trials was given. The 
WES. Half were forced 


th a long delay bet 
The food holes 


maze 
ali to the other. 


he rats were 8IV 


D P E " zii ren 

re ae EES The three groups (one now containing six rats, two containing sev en) 
domly assigned to three conditions: : 

t of the daily 


Gr 
oup RN: Always rewarded on the firs 


cond, 
Gr 
Crone RR: Rewarded on both trials (this group 
ft P NR: Rewarded on the second, but not th : 
er 10 days testing à rat from RR died, and therefore 


Om this 
! this group are considered. . jay in the T: 
r of trials per day are ouped int 


| fis ach rat was gi : 
given one pai ) 
ov, €d equally often to not | arm. Pairs of trials we z E uP Ene order i 
the first tr P alternat ks. Approxi- 


ut not on the 


We; 
pair of trials, b 


contained six rats) 


st trial. 
em he results of only five rats 


al was 
and 


hl e 

(is = e such block the rat was forced On ai 3 

maj ely u R = right), these two 5° peing used © halt started 

With the E the rats from each group E affe rien 
urn e Other. The second trial of each pair v . Thein the st 

8 which the rats were put i dividual cages 5 € 


nece, 
Ssa : 
the end ^ adjustments were made 


ase th 


to the maze. A 
of the arms were left open; O0 unreward trials they 
| behing = rat was left in the chosen arm, with 
i Days’ for 15 sec. following the choice. E sage, and. 12 hr. 
antro 51-72. Eleven diferent delays.. VO, any one day 

n 


d 
qne dud between the trials of 2 daily Pat. SMe was ra 
hat each % The order of delays over D wA the order was x 
each ach dela s aie lv once ver days 0? 7 : ned 
Tat yy, jay was given on A trials at each delay: at each delay ! E 
o am, and 


the guillotine doo! 


the left amy given two pairs 0 

Dari and once to the right. : jay Sit ; at about 10.0 1 

RE these 22 days, Ue fist im i : "than yo min after the last trial se a m. 
egun at m., never les alter "table, was the 1^ r 

exception, ud. pibe o could not pe fitte js time 


fedi, 
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delay; for this, the first trial was begun just after 9.00 a.m., feeding was begun just after 
9.00 p.m., and food was left in until midday the next day. 
testing on the day after the r2-hr. delay. 

After day 61 there was a break of 11 days without testing. 


‘There was therefore no 


RESULTS 
Days 21-22 


Fifteen out of 20 rats alternated with 17} hr. between trials. This differs 
significantly from chance by the binomial test (Siegel, 1956); one-tailed p = 0°021- 
Days 23-50 

Figure 2 shows percentage alternation for each group over each block of 4 days. 


Table I shows the total alternation for each rat and the sums weighted by orthogonal 
polynomials of the first order (Fisher, 1958). In order to compare groups both with 


FIGURE 2 
10 [- 
90 
c 89 
Q 
a 
g 
E 
= 70 
E 
us 
60 
@ RR 
O— RN 
50} e— NK 
(TRE 
i L ar wee S a 


Stage of training 


Per cent, alternation ove 


on the first d r each block o 


: A ed 
aily trial only (RN), both daily f 4 days during days 23-50, for rats reward 


trials (RR) and the second daily trial only (NR 
respect t i jon 
i ER epa ation and trend of alternation against training, total alternatio? 
wee as Wie s = compared by means of the Kruskal-Wallis non-parametti 
ees igel, 1956), and by the Mann-Whitney U-test. The use ? 
O zi i i i 
elsewhere (Still, 1967). "junction with orthogonal polynomials is explain? 

Difference in total alternation. N 
alternation is significant at the one-tailed 5 per cent. level 

CE bag 3 in í rend of alternation against training. Comparing first order 
coefficients, Kruskal-Wallis H — 8-36 (5 < 0-02). RR differs significantly from bot 


one of the differences between groups in total 


—— 
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TABLE I 


Tora J 
AL CERNAT Q - = T 
ALTERNATION BY EacH Rar (OUT OF 28) ox Davs 23-50. AND Sums WEIGHTED 
ay ORTHOGONAL POLYNOMIALS OF THE FIRST ORDER 


Re CEU UU SS 


Group RN Group RR Group NR 
" b. | Tra id | | Trend Trend 
at | Total | coefft. | Rat | Total coefft. Rat Total | coefft. 
B | 28 | o | 1 19 +10 1 28 o 
2g B. -— 1 27 +3 2 15 —I 
; o£: d =6 3 24 +4 3 23 +8 
2$ | & } =e | à 17 +2 4 14 ° 
A a P A |]. 27 in 5 28 o 
= | 25 | 3 Mean | Mean | 6 28 o 
M TA | 20 | 15 percent- | trend | 7 27 2 
in n | Mean | age sry | =44 Mean Mean 
A nt-| | trend | percent- trend 
age | 83-2 | ——26 age 83:2 =F 
| | 


and NR (U = 44 one-tailed 
ups individually by means of Wilcoxon's T-test, only 
-tailed p = 0:031) ; i.e. RR shows à 
There are no significant differences 


RN "us " 
RN (Mann-Whitney U = 2, one-tailed P < 0005) 


d e: Analysing the gro liy 
Pome a significant linear trend ü =0, one 

dia cant increase in alternation with training. 
e to higher order trends. 
41, sis of trials where the rat fails to alternate. Tf a rat shows above chance 
E a certain proportion of his choices are accounted for by the alternation 
ine gn. y (whatever that may be due to), but, if there is less than 100 per cent. 
Gal nation, some of the choices must presumably be due to some other tendency 
ess they are random). The rat mig ding to a position 


pref ht, for instance, choose accor 
S oM if this were so, then it would be manifested in a tendency for all a rat's 
ices, when it failed to alternate 


the (i.e. on repetition trials), to be to the same arm of 
le Suppose that on repetition trials a rat chooses arm W, w times, and 
E, e times, so that it fails to alternate w 4. e times; then the expected number 

The value of 


9 e i H n E 
s Choices to each arm on repetition trials will be zw + e 1 
w — p(w + e) is an indication of the extent of the preference for W compared with 


Pay and the closer this value is to Zero, the more justified we are in concluding that 
a is not a preference for one arm over the other. This suggests that an index of 
“egree of position preference on repetition trials may be obtained by expressing 
V — Mo 4- e) in standard deviation units to make it independent of the actual 


nu B A 
mber of such trials, 1.¢.: 


Tyros — J (w + ¢).4-2 7 Mw +e 
Values of this index for 


where I pres is the index of degree of position preference. _ 2 
ach rat, except those that always alternated, are shown in Table IL. Comparing 


the groups "alli are SRN is significantly less than 
groups, Kruskal-Wallis H = 7:62 (b < 005). is sign y i 
RR (Mann-Whitney U = 3: two-tailed ? < 0:05) and than NR (U = 14 two-tailed 


P < oo 
5). 
Days 51-72 
hown in Figure 3. Since the 


^ Percentage alternation as @ function of delay is $ : 
elays are not equally spaced, trend cannot be analysed by orthogonal polynomials. 
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TABLE II 
INDEX OF DEGREE OF PREFERENCE SHOWN BY Eacu RAT 
TE RR t 


Group RN Group RR Group NR 
3 i | ; 
Rat | Index Rat | Index Rat Index 
I ot eae z | 3 1 — 
2 1:26 2 I 2 n 
m 3 2 3 2: 
4 | I 4 2:71 4 374 
5 o 5 I 5 = 
6 0:58 6 = 
7 oJI 7 $ 
a S —"a—— —— 
FIGURE 3 


alternation 


Per cent 


100 

50 

80 

70 

60 
9——- RR 
O—— RN 

9 = MR 


g [Dm 12 hrs. 
Delay time (log scale) 
Alternation a: 


j s a function of delay, for 
pair (RN), the s 


groups rewarded only on the first trial of # 
econd (NR) and both (RR). 

Instead, linear trend coefficie 
tions from the mean log del. 
of each delay interval so e 
This gives the regression coeffici 
which is the same for all rats. 


ALTERNATION AND REINFORCEMENT IIS 
2 


block of 1 
I days, 74:0 i 

and 89:1 ys, 74 per cent. during the second; group RR shows 87. 

dua per cent.; while group NR shows 72:7 per cent. alternation koe eas 
Analysis 0. A fy 

differen oe of repetition irials. Using the same index (I 
rences between RN, and both NR and RR are again eL uhi. 


These ves DISCUSSION 
no decline e gonna the results of the experiments, referred to above, in which 
EU Herne a n with training was found. They also confirm Walker (1956) 
delay. But I. House (1951) who found only a gradual decline in alternation with 
Introduction ney conflict with the predictions from the theories considered in the 
Spontaneous. buon suggests that these should be rejected as explanations of 
Supposing th. t PPARA: Montgomery 5 (1952) theory may be saved in part by 
Pair for a there is sufficient secondary reinforcement on the second trial of a 

group RN to maintain alternation; but it still cannot account for alternation 


at 
m E aay in highly trained rats. 
tendenc possible that spontaneous alternation is a 
zy, even though the details of Montgomery's account must be changed. For 
Jhen the maze becomes 


Msta 

nce B À 

amiliar Nas exploratory tendency may not decline even wW 
o the rat, either because some information is always lost over 24 hr. so 


that z 

foeni Pp is never fully explored, or for some other reason. Alternatively, itis 

asia, laned s exploratory tendency does decline, but that alternation continues 

Suppose habit which can be based upon secondary reinforcement. We need not 

alternati as Montgomery did, that the learned habit involves @ different kind of 
ation (i.e. response instead of stimulus alternation), and there is therefore no 


Teas 
The] expect poorer alternation at longer delays. 
by com ypothesis that alternation only continues as 
the E wees rats rewarded on all or some trials wi 
er should show a greater decline in alternation with tr 


EXPERIMENT IT 


manifestation of an exploratory 


habit may be tested 


a learned 
th rats not rewarded at all; 


aining. 


Methog 
Subje " 
SXperhier Fifteen female hooded rats, about 5 months old at the beginning of the 
Londo nt, were used. They were bred from stock obtained from N.I.M.R., Mill Hill, 
dled from birth. They were thus very tame, which was 
The rats had previously 


essential and were frequently han 
en used since some of them were to ru 
Ne am experiment involving five pairs 0 
pie eee : 
that Marius, ‘The T-maze was that used in Experiment I; th 
Ofs ; the eating was provided by three 3o-watt strip-lights, 3 1 
Poe ieee holders were attached to the roofs. 
T e Amount o The rats were divided into three equal groups, equat 
he Erou of alternation in the previous experiment for which they 
Gr PS were randomly assigned to three conditions: 
periment) Rewarded on both of the daily pair of trials ( 


n without reward. 
f unrewarded trials in the T-maze used 
he only difference was 
n. above the Perspex 


ed on the basis of 
had been subjects. 


as for group RR of the last 


TO) 
ron 9: Never rewarded. : ; p 
Ex 50: Rewarded on 50 per cent. of the trials. They could be rewarded on both 
aS giv a pair, the first only, the second only, OY neither; each of these four conditions 
Siven t en once over each block of four trials, and on any one day each condition was 
9 at least one rat in the group- A 
2 days with one pair of 


b he experi h 
d periment was continued for 3 i à 
as for the previous experimen 


tri 
NES 


trials per day, and 15 sec. 
t, except that the 
ving cages for 


foo, cen tria]. s : 
d hi als of a pair. . Details were r x 
Ear. ms contained: 45 mg. sugar pellets, and the rats had food in the li 
rting 15 min. after the day's session. ; . . 
c experiment and its results are not included. 


ne 
rat from the o group died during the 


116 QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY 


RESULTS 
There were no significant differences, either in total alternation, or trend i 
alternation with training, between the two rewarded groups (50 and 100), p^ 
therefore these groups were combined to test the effect of reward as against ‘ 
reward. Figure 4 shows alternation as a function of training. The rewarded an 


FIGURE 4 


Per cent. alternation 
E] 


p 
@— Rewarded 
50 O— Unrewarded 


1 i —— = ! a | 
i 2 3 4 


Stage of training 


Per cent. alternation over each block of 4 days, for rewarded and unrewarded rats. 


unrewarded (0) groups do not differ significantly with respect to total alternatios 
(one-tailed p > 0:05 by the Mann-Whitney U-test). However, the rewarded a 
show significantly less linear trend (decline in alternation) with training; comparing 
linear trend coefficients calculated by means of orthogonal polynomials, yari 
Whitney U = 54, two-tailed p < 0:05. All the rats in the o group show a negativ ; 
trend, but since there are only four rats in this group the trend is not significant E 
the Wilcoxon T-test (one-tailed p = 0:0625). Trends in the other two groups € 
not approach significance. on. 
Analysis of repetition trials. As with groups RR and NR in the peu 
experiment, the rats tended to repeat according to a position preference; difference 


between the groups (using 1,,,,, defined above, as the index of position preference 
do not approach significance. 


Discussion Fl 

Since there is significantly more decline in alternation among the unrewarde 
rats, compared with the rewarded, this result is consistent with the views tha” 
alternation is initially part of the exploratory tendency, and only continues onc 
the maze is explored if the rat is rewarded (primarily or secondarily) for alternating: 
Unlike the other theories considered, this theory does not predict any differences o6 


ALTERNATION AND REINFORCEMENT Ig 
1 


alternation i ar 
? as a function of rew i 
teat d ) reward schedule (provided the rat is rew: 
tested. Such I between reward schedule and deley ander nee mdi ES 
enint differences were not found in the first experi r ems d 
pepe eg Mert c experiment and we may therefor 
iie heory as being the one best supported by vide i 
a y the 
we two aspects of the results of the two experiments in this so xe hi 
T : s ave 


not " far been considered: 
i Rats of gr 

Sar ae ae argon according to a position preference when 
A posible leer T^ bua dpi eed 

ap ! s is a $ se at y 
$ a ^ n: according to à position preference " then iare tee 
Beda, ee Ls choose the preferred arm on 50 per cent. of trials and be 
^ m i D» them, while on the second trial, which is free, it will choose 
Mer ps zin - e on 10o per cent. of trials and will never be rewarded ; it will 
m. La ant ed after 33 per cent. of such choices, when both forced and 
oily ie à. considered together. The non-preferred side, however, will 
md Kim on forced trials, and will be rewarded on roo per cent. of such 
Vk wena ir „With such a lack of balance m percentage reinforcement, 
nd pe s pias in favour of the non-preferred arm, the position preference 
sgt api ly diminish, and this should happen to some extent even if the 
is he X an y sometimes according to a position preference, and according 
"o Hi e nation tendency at other times. In the other groups the reward 
seras e would not favour the non-preferred arm, and therefore the same 
js : n would continue to determine choice on trials on which the rat 
co o alternate. Thus if it is assumed that rats start off with a preference 

ne arm or the other, all the rats, except those of group RN, should 


conti i 
ntinue to manifest the same preference. 


ii 
d: uc i group RR in the first experimen 
ToWRV raining compared with the other groups. 
FM eg with group 100 In the second experimen : 
in the cix a very reliable phenomenon; nor, however, does its occurrence 
Wave rst experiment seem likely to be due to chance, since similar findings 
ave occasionally been reported (Walker, 1950; Montgomery, 1952). Thus 
c in alternation 


t appears that under some conditions there will be an mcreas' 
lable are not adequate to determine why 


with training; but the data avai 
this should be so. 


t show an increase in alternation 
This was not found, 
t, so that it cannot be 


The 
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THE CAPACITY FOR GENERATING INFORMATION BY 
RANDOMIZATION 


BY 


Fy, A, D. BADDELEY 
om the Medical Research Council Applied Psychology Research Unit Cambridge 


Res i IE 

om en was studied independently of the stimulus by asking subjects to 

generation fron 2 sequences of letters or numbers. Experiment I varied rate of letter 

Besa quur. sec. to 4 sec. per item and showed that the redundancy of the sequence 

Seconda 4 aly with rate. Experiment 2 added random generation of letters as a 
y task to paced card sorting. Information load per card was varied from 


1 th 

Ša a 2 p 4 to 8 alternatives, with sorting rate held constant. As predicted, the 

d tied y of the sequences generated increased linearly with sorting load. Experiment 

eee of items to be randomized. Rate of random generation increased 

no di deren, y from 2 to 4 to 8 alternatives, but levelled out beyond this point, showing 
ce between 16 and 26. In general, these results suggest à response-selection 


mechani Das 
anism of limited informational capacity. 


ments on decision-taking, guessing 
f events (Tune, 1964). 


onsistent biases occur even when subjects are 


inre is considerable evidence from experi 
Deren ing that man seldom produces à random sequence o 
specifi s further evidence that ¢ 
B ically instructed to be random. 

to onim d (1962) showed that similar biases 

alata à random sequence of digits or letters at a pace 
both sequ when asked to select the random digit sequences 
tables inr ned generated by other subjects and sequences based on random number 
their sio jects selected those based on the random number tables, suggesting that 
à seque CM of randomness was not at fault. Furthermore, when allowed to produce 
aes at their own preferred rate, subjects went more slowly and produced 

p; Bie ii that were considerably less biased. This latter result suggested that the 
Proc ight be due to limitations in the capacity of the subject’s response-selection 
ess, Such a limitation has ly information 


th been suggested by attempts to apP 
we to performance in reactio i d, 1960; Welford, 1960). 
the biases shown when subjects try fo 


n time studies (Leonar 
unde produce a random sequence of events 
T a time stress are due to the 
hen the randomn 


Tespo limited informational capacity of the under-lying 
Eager mechanism, t ess of such a sequence should be 
matically related to (a) the rate of generation, and (b) 

Experiments I, 2 an 


occurred when subjects were asked. 
d rate of one item per sec. 
from a mixture containing 


the number of alternatives 
d 3 explore these 


Which 
h thi subici i í 3 
; eċt > domize. 
Mouse ve required to ran 
Methog EXPERIMENT I 
e of 100 letters of the alphabet 


The ta 

Paced" oes required the subject to call out a sequenc 

Subjects, a timer clicking at each of four rates; one aoe per t T, SS sec. ae 

th were t i i rere drawit, letters from a ha one at a time, ca ng 
em old to imagine they wer H he 26 letters of the alphabet 


Was „OUt, and replacing them, : 
be coqually likely to "E selected. It was further pointed ou ich a sed! À 
al habe ey jumbled and would not therefore be likely to epee English words or 
etic se XYZ. A ractice run of a 
One |; quences such as ABC or . E : 
the ji. (etter), i - te to ensure that the subject had understood 
Es ) was then given, at the te he This was followed by the main test 


ns x 2 
tructions and could keep pace with the timer. 
am 


E] 
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which involved one sequence of roo responses at each of the four rates, a 5-min. break, 
then another roo responses at each rate. The order of presentation of conditions was 
randomized for each subject with the constraint that no subject began with the }-sec. 
rate, which was the only condition in which subjects had any difficulty in keeping pace: 
The letters were written down by the experimenter as they were spoken in all conditions 


except the fastest, in which they were tape recorded and transcribed later. Twelve 
males aged between 20 and 30 served as subjects 
Results 


Randomness was estimated in terms of both single letters and digrams or pairs. 
An information measure was computed, based on the relative frequeney with which 
individual letters were used. A sequence of letters contains the maximum first- 
order information when each letter is used with equal frequency; as the frequency 
with which individual letters are used becomes unbalanced, the sequence becomes 
more redundant. An information score was computed using the formula: 


I 
H = logn — — (Xn, logan) 
n 


where H is the information per letter in bits, 2 is the number of responses in the 
sample and 4, (i = 1,2..... 26) is the frequency with which the ith letter of the 
alphabet was used (Attneave, 1959, p. 24). Since it is advisable to have at least 
six observations per cell (Miller, 1955), and 26 cells are involved, the subjects’ tWo 
runs of 100 responses were combined at each level. Even so, a bias would be expecte 

with a sample of this size, and the values obtained were therefore corrected using 
the Miller-Madow correction (Miller, 1955). This information score was then 
converted into per cent. redundancy (Attneave, 1959), and is shown in Figure 1- 


FIGURE r 
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First-order redundancy as a function of rate of generation. 


€ Sequence more redundant. The linear component 
=12. $f« 001). 
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Freidman test indicated significant differences between the four rates (p < 0-001), 
and comparisons between the various rates using the Wilcoxon test showed all the 
differences between conditions to be significant at beyond the 0-05 level. 

The next measure attempted to assess the amount of digram information in each 
letter sequence. Ideally, the information measure used for single letters should be 
applied to the frequency with which each possible digram or pair of letters occurred 
in the sample. However, with 676 possible digrams, 2 reasonably reliable estimate 
would require more than 4,000 responses. An approximation to this measure was 
therefore used, which involved simply counting the number of repeated digrams 
Produced in generating 100 responses. This was scored using à 26 x 26 matrix in 
which each cell represents one of the 676 possible digrams. If the subject were 

truly” random, he would be expected to repeat about seven digrams in generating 
100 letters. The more he repeats himself, the less random he is. 

A second digram measure was based on the frequency with which the subject 
produced digrams which follow the alphabetic stereotype (e.g. AB, KL, or YZ). 
Both these digram measures are crude and are open to the objection that the 
Proportion of digram constraint that is attributable to first-order redundancy cannot 
be assessed. If no digram score is used, however, the subject could adopt a strategy 


Such as reciting the alphabet from A to Z, which, though stereotyped would give him 
a perfect first-order information score. 
FIGURE 2 
25 


e——e Repeated digrams 
e--e Stereotyped digrams 


20 


Per cent. stereotyped and repeated digrams 


OS TO 20 
Rate (sec./R) 
] digrams as à function of rate of generation. 


Number of stereotyped and repeated 


s were computed for each run of 100 responses and are 


Shown in Figure 2. In the case of the digram repetition score, the linear component 
accounts for 95:2 per cent. of the variance (F = 40°0, d.f. = T, 2. p «oos) The 
linearity is less convincing than in Figure I, particularly at the slowest rate. This 

some subjects were already approaching 


15 probabl ung or affect ds 
A y due to a “ceiling € ect as we ) 
OPtimal performance at the cu rate. A Freidman test indicated overall differences 


The two digram score 
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between the four rates (p < o-oor). Comparing the rates using a Wilcoxon Rer 
all differences between conditions again proved significant at beyond the 0-05 -— 
The score based on the percentage of stereotyped responses has a linear componen 
which accounts for 97 per cent. of the variance F= 2 fat, 2 A= 0:05). 
A Friedman test again showed significant differences between the four rates 
(P < 0:001) and comparisons using the Wilcoxon test showed all conditions to be 
significantly different from each other at beyond the 0:05 probability level. 

On all three measures of randomness there is a clear relationship between x 
of generation and amount of information per letter. When plotted on a binary xi 
scale, this relationship approximates a straight line, though both the digram a 
show a tendency for performance to level off at the 4-sec. rate. In both these ra 
however, a perfect straight line relationship would have required several subjects d 
produce even fewer stereotyped responses and repeated digrams than would be eae 
in the sort of random sequence he was instructed to produce. A levelling off b 
therefore almost inevitable. In general, however, these results suggest that the ra ʻi 
of information generation is constant across conditions, the subject can only ud 
his rate of responding by reducing the amount of information per response. E 
supports the hypothesis that the response-selection mechanism underlying rando 


: e 
generation has a limited informational capacity; the less probable the response th 
longer it will take to select. 


EXPERIMENT 2 


Experiment r examined the limited capacity hypothesis by varying the E d 
imposed by the generating task, itself. Experiment 2 approaches the problem 2 
using random generation as a measure of the load imposed by a second task. T 
task used involved sorting Lr into r, 2, 4 or 8 categories at a constant paced ue 
Crossman (1953) has shown that the load imposed by this task increases as a line 
function of log number of categories. If both random generation and card sorting 
employ the same information channel, and if this channel is of limited capacity 
then the redundancy of the letter sequences generated should be a function of number 
of sorting alternatives, With sorting time constant, there should be a linea i 
relationship between the amount of information in the sorting task and the redundanc? 
of the letter sequence produced. 


Method 


_ Subjects sorted I 
sings and eights; 4- ice 
fives, Sixes, eights The 1-choice situation employed one of the multi-cho a 
ject instructed to ignore card values. The cards were held face dow 
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Results 
nome and made a negligibl 

ne gible number 
nditions would therefore be expected E 
lysed using the three scores described 


All subjects 
Scone pow kept pace with the metro 
be Fi m diee between the four co 
zr ONE. he generating task is was 
i retenir g . This was ana 


FIGURE 3 


Mean corrected redundancy (per cent.) 


Number of sorting alternatives 


Lett 
er generati i . 
generation while card sorting. First-order redundancy of letter sequence as 2 


fur 
Actio: 
n o: 
f number of sorting alternatives. 


tters is shown 


of using individual le 
owed. overall 


The 

» in E cu due to unequal frequency 
i eai corrected for chance (Miller, 1955). A Friedman test $ 
s among conditions (P < o-o1), and the Wilcoxon test showed significant 


iffere 

between th between the 1-choice condition and both the 4- and the 8-choice (p< 0°01); 
Conditio he 2-choice and 8-choice ($ < o-o1), and between the 4-choice and 8-choice 
Tandomn : (b < 005) Although ihe linear component of the relationship between 
Variance ess and number of sorting alternatives accounts for 86 per cent. of the 
aPpears i is not significant (F = 123 #7- emi. Pe 005), and the relationship 
© be positively accelerated. The reliability of this tendency was examine! 


Y taki 
i č : si 
ng the increase in redundancy -alternative conditions, 


reen the 4- and 8-alternative 


co: . d 
cums it with the equivalen i L 
s. A Wilcoxon test indicated that this difference was not reliable (T = 17 
jati om linearity is not significant. 
alternatives On digram 
per 100 responses. 


tween conditions (p< 0-01). 


Cond 


om 
s x > 0-05), suggesting t 
' formati 4 shows the influence 
‘gain Pe measured in terms of number o 
e ile Freidman test showed significant differences be > 
at bey ilcoxon test showed all the differences between conditions to be significant 
ang yong the 0-05 probability leve. The relationship between digram information 
(98-8 mber of sorting alternatives again has a linear component which is large 
centa, per cent.), and significan 2o01). Thesper 


xq " 
ge E , L ‘ d 
Of stereotyped responses tions is also shown in 


e of num 


t (F= 1645, df. $ 
produced in the four condi 
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[| M — —] 
! 


2 4 8 
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: z P jorams 
Letter generation while card sorting. Number of stereotyped and repeated digra 


as a function of number of sorting alternatives. 


Figure 4. A Freidman test again indicated significant differences among ge 
(P <o-or), and the Wilcoxon test showed a significant difference between ke 
I-choice condition and each of the others (p < o-or), and between the 2- and B-chor 
conditions (5 < 0-05). The linear component of the relationship accounts £0 
96-0 per cent. of the variance (F = 47:5, d.f. = 1,2. p < 0°05). -— 
The results of both this and the previous experiment support the hypothe 
that random generation depends on a response-selection mechanism of limite 


: : . " 
informational capacity. The less time or Spare capacity available, the less randon 
the output. 


EXPERIMENT 3 hé 
, This investigates the limited-capacity hypothesis further by studying ie 
influence of number of alternatives on rate of randomizing. As number of alter? 


à nce i 5 r vit 
tives is increased, the information per random response should increase, and W 
it the time required to select the response. 


Method 
The experimental desi n used i A itions subjects 
were placed in one of m sed is shown in Table 1 . In each of four condition: 


alternatives ( 


F is 
ich the subject was required to vita De 
cells each. Al subjects had thre 
Separate response Sheet foreach. “Paced” subjects were a5 


ts 
a I-sec. rate, while unpaced subjec 
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TABLE I 


Design i 
GN or Expr i S — z 
OF EXPERIMENT 3, SHOWING rog Each CONDITION THE ITEMS RANDOMIZED 
AND NUMBER or SUBJECTS TESTED 


Ea uo— no au 
Number of alternatives 
| 2 4 8 16 20 Total 
I A&B|A-D|A^-H|A-P A-Z 
Wnsessa. |- Bee | N=20] N—19| N=28 N= 28 | N= 25 120 
OH 29 & 30 | 28 —31 | 26 — 31 | 22 37| 17 2 
E Numbers | Nia re | N= i| N= 20 N=19| N=18 92 
= H eae al | 
IH | D|A&-ERH]|dA&-El[as—2 
“Bisa Datei | = I7 l N-29| N = 33 ee ea 124 
IV | —mrl26-—53:]| 22-37] 17 — 2 
Numbers =21| N=22| N-20| N19 101 
Í 


w ; 
p Ep asked. to work as quickly as s out becoming non-random. In 
might n itions subjects were asked to randomize letters, and since the smaller categories 
condition expected to have a greater proportion of high-frequency letters, two further 
of one see were run in which subjects randomized numbers. In order to avoid a mixture 
arger and two-figure numbers, 29 and 30 were selected for the two alternative ene ny 
"hé See EES were produced by expanding the series in both directions pes re le " 
given Be Nee 437 young males, were tested in groups of from 1o to 30 with subjects 
different numbers of alternatives tested simultaneously. 


possible with 


Results 
ects generated in the 


be unable to keep in 


Tits of generation. Figure 5 shows the rate at which subj 
conditions the rate of 


tine E In the “paced” conditions subjects appeared to 
Tes th the metronome, and in both "paced" and unpaced D 
Ponding was clearly dependent on number of alternatives. Scores for the three 

nS were combined and comparisons made using the Mann-Whitney test. They 


sowed: tive groups for all 
: (a) A significe i between the 2- and 4-alternative § P 
na — qos i (b) A significant difference between the 


our ; 
conditions + each case, 

Fg ns (p < 002 in each case): ition (p < 0'02). 
c * S altema groups for all except the unpaced ud DE i xa aee 
3 s ; groups i 
Condition. nee between the m and 16a! 0 significant difference in any 


Itions where was i l 
Condition (5 < 0-05 one-tail). (d) There Ne I There was à consistent 
Mer between the 16- and 2o-alternatl\ E F conditions. This was shown by 
- A Wilcoxon 


ease į 

All bay P rate of r s with pr pE 
ut 2 of responding W ith pr ichly significant. 
ies be Sis the 437 subjects tested, 47 inm owel significantly faster 
eor en equivalent "paced" and a analysis showed consistently faster 
s a qs the numbers 


fou, 


ternative 


mcn f 

Petformance with pacing (5 < 0:05): A simila E Vrobàbly a aise 
Volyeq -C€ With letters than with digits (Ż E "reas letters involved only one. 

ied clearly dependent 


à iS oe two characters per T rs and letters i 
n the 76 at which subjects generate . From 2 to 
elatio, number of alternatives they aTe 2* ced to use. "ates rea 
to a stra? between inh d size of vocabulary approxinl’ onditions, and in the 
anp Sraight line vim dg a a log scale, T all p alternatives. The 
lation onditi «chip is sasonably inear U et acts 

Ationg Lip Sere oe relationship Tne point petween 8 and 16, with subject 


8 alternatives the 
sonably closely 
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randomizing 26 alternatives just as rapidly as 16. The exact point of breakdown 5 
not clear. In the “paced” conditions it appears to occur at 8, in the unpace 
conditions somewhat later, although even in these conditions, the difference between 
8 and 16 alternatives is barely significant. 


FIGURE 5 


140 Letters unpaced Ir Letters "paced" 
[EIS 
iol. 
= 
2 T 
È 
E L 
cx 100 
E] Run 3 
e Run 3 oF 
= Run 2 
S ur 
X Run 2 
70 
Run | 
60 
Run I 
50 


Numbers unpaced 


Mean Rs per 2 min run 


24 8 16 26 54 'g 16 26 


No. of alternatives 


No. of alternatives 


Rate of random generation as a function of number of alternatives. 


1 re 
Clearly a digram analysis which would WE 
Some conditions is impracticable with | 
e D t An analysis based on single letter frequency seemed more feast 
on one condition, "paced" letters, Well over half the subjects faili 
: ere was a tendency for redundancy to increase Wi 
number of alternatives, but Sven with 26 alternatives, mean dudimishcy was only 
Tn view of the small and variable sample size, especi 


ple 
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where 1 s i . 
ede cad rr e of alternatives were used, the validity of such an analysis seems 
E = (Miller, 1955). A more profitable approach would seem to be to collect 
ger samples of responses under the more strictly controlled conditions of 


individual testing. 
DISCUSSION 


The three experiments just described all suggest that subjects find difficulty in 


" 5 
fal mandon sequences of letters, and that their deviation from randomness 
lave oe Joy lawful manner. Such deviations have previously been noted, and 
Dale xo: € ascribed to the subject's concept of randomness (Chapanis, 1953; 
to the tem ichard, 1962), the limitations of immediate memory (Tune, 1964), and 
on ice s level of arousal (Weiss, 1964). i 
OTt iren he limits of the subject s performance is clearly set by his concept of 
highly unn and in some situations this 1s certainly an important factor. It seems 
ratect a ikely, however, that he should vary his concept of randomness with the 
acutely a hich he is required to randomize; indeed most of the present subjects were 
them Fe tude of their departures from randomness, but apparently could not avoid 
randomn one slowing down their rate of generation. This awareness of non- 
nter ESS. also makes Tune's immediate memory explanation rather unconvincing. 
ability S that "the essential parts of making à random series of selections are the 
use a knowledge of past responses and remembering them” (Tune, 1964, 


P. : 
708). This seems debatable for two reasons; first, because a random sequence is 
it is precisely because the subject has a 


One in whi : 

ex Which the events are independent; ! 
ory that on this task he is inferior to a random number table. Secondly, it 
vious response, perform- 


non-: " R " 

Ron es were due to the subject's forgetting his pre 

should deteriorate as the time between responses increases. Experiment I 
d by Weiss (1964), 


Show. 
quae opposite to be the case. 
Who iod explanation of biases in random generation is suggeste [ : 
With nor only two alternatives and compared the performance of schizophrenics 
STE mals. He found deviation from randomness to be particularly marked in 
td an observation that was also made by Yavuz (1963) who used 
ailure t randomization. Weiss attributes this non-randomness to the subject's 
accom o pay attention. He attributes this to the low level of arousal assumed to 
expl pany random generation, which he describes as an unstimulating task. This 
Planation is not compatible with the results of any of the present experiments; 
s or in the difficulty of a supplementary 
al, and thus on Weiss’s hypothesis should 


f alternative 

e opposite result occurs. 
t neither the subject's concept of randomness, 
1 of arousal provide an adequate explanation 
do, however, suggest that the subject 
i ational output capacity. What does this imply? 
this narrowly specified situation, 
However, it seems unlikely that 
common strategy for a task as 


Subj A 
jects appear to behave in a systematic manner. 
It seems more parsimonious to 


t 

im, should have a special mechanism or even a 

Rib pde and unfamiliar as random generation. seem i 

ONI that the selection of à response In this situation involves the same basic 

or UM as occurs in selecting a response in other situations such as recalling a name 

is th, orming a skilled motor response. What probably differs in a recall situation 
e subject’s criterion for accepting oF rejecting a response. In learning, where 


€ subject is trying to reduce randomness a response will probably be accepted if 
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it has previously occurred in that context (cf. Miller and Erick, iyaa m 
randomizing situation, the subject should reject familiar responses ig oe a 
insufficient time to select an alternative. However, apart from this dii or -— 
criterion it seems not unreasonable to suppose that producing a "up c^ Es 
a similar process in both learning and random generating. How well then, 

ate this hypothesis? , pe. 
A om I and 2 produce results that are consistent both with a € 
informational model and with analogous reaction time studies. Experim T 
shows a discontinuity in the relationship between rate of generation and e » 
alternatives which is clearly not consistent with such a simple model. Whe demi 
not it is consistent with the equivalent reaction time situation is, however, d (osi 
Relatively few reaction time studies have used more than 10 ven Disp ^ which 
doing so, several have used highly compatible S-R pairings, producing 2 pod in 
is so slight that a discontinuity would be very difficult to detect (Davis, à diae 
Treisman, 1961; Pierce and Karlin, 1957). Of the remainder, two na pog 
linear relationship between reaction time and number of alternatives extenc ing re ding 
10, a card sorting study by Crossman (1953), and an experiment on rato err. 
nonsense syllables by Conrad (1962). Both of these situations, however, ier 
relatively unpracticed S-R combinations. Level of practice may be an s Vonship 
factor, since Schmidtke (1961) claims to have found a simple linear us armi 
between reaction time and number of alternatives during the early stages o ire time 
which changed with practice to give a discontinuous relationship, with pecie 
increasing up to ro alternatives, and from then on being roughly con: t ee 
similar conclusion is reached by Seibel (1963, p. 222) who, in trying to fit eich 
data from several separate key-pressing experiments suggests “a acer 
increases from 1 to approximately 3 bits (2 to 8 alternatives), and shows e er até 
increase from 3 to almost 10 bits (8 to almost 1,024 alternatives). ation 
therefore are still equivocal. However, if, as has been suggested, random pet m 
and choice-reaction share a common response selection mechanism, future S and 
Should show a clear discontinuity in the relationship between reaction ep e 
number of alternatives, and demand a rather more complex informationa ation 
than is usually proposed. Should this prove to be the case, random Een ection 
seems likely to provide a more effective method of studying the reap s 
process since by eliminating the stimulus, it avoids the difficult problem. oi 
compatibility which makes the accurate prediction of reaction-time results so di ts oF 
Whether or not this attempt to predict the results of reaction-time eee 
the basis of the relationship observed in random generation proves fruitful, ho 


onse” 
random generation itself appears to be described most simply in terms of a resp 
selection process of limited capacity. 


ive 
x y ; struct! 
,, The author wishes to thank Dr. R. Conrad for his valuable comments and con: 
criticism. 
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ON THE HANDLING OF HEAVY BIAS IN A 
SELF-PACED TASK 


BY 


J. A. LEONARD,* R. C. NEWMAN and A. CARPENTER 
From the Medical Research Council Applied Psychology Rescarch Unit, Cambridge 


Following an earlier observation that systematic variations in performance on em 
with heavy frequency imbalance was correlated with fluctuations in the amount 0 E 
in the input programme, an experiment was carried out to establish the roles of Jong ich 
short term sampling. Two groups of subjects were trained on a self-paced, er. 
task. One group's input had an average of 68 per cent. bias on one source, the leval 
had 44 per cent. on the same source. Analysis of data was carried out on three Mee 
of local bias for each condition, one level being identical for both conditions. It REY 
found that responses to the biased stimuli were determined by the average bias 1n fect 
input sequence and not by moment to moment variations in that bias. The ditive 
observed originally can therefore be accounted for in terms of a relatively simple addi 
model which includes the “repetition effect'' first described by Bertelson. 


INTRODUCTION - 
For some time now, we have been carrying out a series of experiments on bis 
acquisition and maintenance of speed and accuracy in a keyboard task (Leonard Ane 
Newman, 1965). A self-paced serial choice apparatus developed from one pep 
in Leonard (1959) was used: one signal appeared with a probability of 0-68, and uli 
others with a probability of o-08 each. A total stimulus sequence of 10,000 nero g 
was broken up into units consisting of blocks of 5 x 50 stimuli. Since the generati re 
procedure was completely random, this meant that some blocks would have = ; 
and others less bias than the average specified. We soon noticed, and subsequent y 
confirmed, that there was a negative correlation between the amount of bias ” 
and the time required to complete a block of trials, EE s 
The purpose of the present paper is to show by a more detailed examination Ta 
response times just how this effect was achieved, and to enable us to make a m 
general statement about similar situations. PORE 
What has to be explained? In all but one of the conditions of our experum. 
the subjects could only see one stimulus at a time and did not know whether is PE 
Were about to be given a block of trials with heavy, medium, or light “local bi ts 
Yet when there were more than an average number of biased stimuli present, subjec z 
took less total time per block than when there were fewer than the average. 
would appear to be two possible kinds of explanation 
(x) The subjects learned to 
biased signal, in which c. 


respond with a constant low reaction time to e 
ase the effect observed can be explained by the go er 

fact that blocks with a larger number of biased stimuli will contain a hig ie 
number of fast responses contributing to the total time per block than a 
blocks with a smaller number of biased signals. The pattern of respon 
to be found under those conditions would not be affected by moment » 
moment fluctuations in bias and we would ascribe it to “long-term sampling: 1 

(2) Subjects might be able to adjust their performance on the basis of th 
immediate past, i 


; in which case we would expect to find a pattern of responding 
which changed with the amount of local bias present. This we wou 
ascribe to “short-term sampling.” 


* Now at Psychology Department, University of Nottingham. 
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i Ree „the latter type of explanation is rather strong in view of the 
iles * em reported by Bertelson (1961) and its more formal exposition by 
COS: ts 05). _For one effect of introducing any frequency imbalance in a 
Spee s imuli is to increase the frequency of "runs" of the biased stimulus 
E petitions of the same stimulus. In a sense, it is the response to such runs Sich 


1s E heart of the matter under discussion. 
ae a a Coe and Crossman (1953) had both shown that with the number of 
performan, ept constant the introduction of frequency imbalance speeded up 
tion tothe : relative to the equiprobable frequency situation. Hyman drew atten- 
of another zd that whenever a stimulus had been repeated without the intervention 
(1961) asd stimulus, an unusually fast reaction time had been observed. Bertelson 
Such 4 bee an equiprobable two-choice task, varied the sequential structure in 
another be that in one series there was à preponderance of “repetitions” while in 
conveyed Squence there was a preponderance of alternations; the information 
of repetiti was the same in both sequences. He found that subjects who had a lot 
to facis vo were faster than those who hada lot of alternations, and this he ascribed 
confirmed m due to the "repetition effect. A more detailed analysis of his data 
as a functi yman's observation and indicated a progressive decrease in reaction time 
a Sabani of position of stimulus within a “run. Falmagne (1965) developed 
decrease d atical model of the linear-operator type which predicts an exponential 

in reaction time as a function of the number of stimuli intervening before 


es ; 
ae stimulus is repeated. 

of on far as choice reaction time data are concerned, almost all the reported effects 

orb Tying information content of inputs on choice reaction time could be accounted 

>T by such a model and not by an information theory type of model. The distinction 

in terms of the moment 


les in 
5 os fact that Falmagne's model explains performance i 
ent experience of the subject while an information theory type of explanation 


de à 
oa long-term stable expectancies set up prior to the time at which data are 
ens Laming (personal communication, 
multiple ing inputs with frequency imbalanc 
Perform Tegression and autocorrelation anal i 
Past ex ance at any given moment could be accounted for in te 
T Xperience of the subject. 
o US the evidence tends to favour an explanation in ter 
Sake a performance in the light of immediate past experience. Just where one 
TS sha dividing line between immediate past experience and long-term experience 
tesponi. point, but the crux of the matter is the difference between a pattern of 
i ng which is relatively unaffected by moment to moment changes in the 


inpu 
Put, and a pattern which is affected by such changes. 


For the experiment to be described, we decided to compare performance of two 
per cent. bias and the other on a bias of 


8Toups: 
44 a one was to be trained on 68 per e 
oth cent. so that we could compare directly performance on trials common to 
grou groups but which would be relatively low in local bias as far as the 68 per cent. 
P was concerned, and relatively high as far as the other group was concerned. 


d out a series of experi- 
e, and applying à combination of 
ysis to his data, concluded that 
rms of the immediate 


1965) carrie 


rms of subjects’ ability 


had to fulfil three criteria: 
be sufficiently close to that of 
quate number of trials in the 


The input programme for this other group 
rials had to 


(1) The distribution of local bias int 
the 68 per cent. distribution to give us an ade 


overlap area. 
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(2) The bias had to be sufficiently different from 68 per cent. for an overall 
difference in performance to be reasonably expected. 


(3) The average bias had to be still sufficiently marked for subjects to treat the 
sequence as a biased one. 


It will be seen that a programme with average bias of 44 per cent. met OUT 
requirements. The results presented in this paper will be pertinent to the following 
questions: 


G) how is the correlation between local bias fluctuations and performance 
achieved? 

(ii) is performance on the “identical trials” determined by short-term simping 
(in which case we would expect to find identical measures of performance © 
these trials for the two groups), or is it determined by long-term sampling 


: S ; Ë . ance 
(in which case we would expect to find reliable differences in performan¢ 
measures) ? 


MrrTHOD 
Apparatus 


A modified form of a self-paced serial choice-reaction apparatus described by Leona 
(1959) was used. It had the following properties :— 
(1) Stimulus sequences were programmed on a perforated tape. 


(2) Both correct and incorrect responses advanced the programming device, 
a non-correction procedure was adopted. 


(3) Errors were cumulated on a single counter. 


«pe ís $ , ae "Timer 
(4) Time per 50 responses (i.e. one trial), was measured on a Standard Electric Tin 
to the nearest o-or sec., i.e. the timer ran continuously from the moment 


rd 


i.e 


F 3 e 
experimenter pressed the start button to the moment the subject made th 
5oth response. É 

B s + o 

(5) Having pressed a key, the subject had to release that key before being able 


press the same or another key. 
(6) Pressing more than one key together scored a single error. 


; MIS — e 
(7) The next stimulus was presented within rather less than 100 millisec. of a E 
being pressed. If the same signal was repeated, there was a brief blink on 

display to achieve this effect. 
(8) The maximum rate of operation of the whole equipment was 10 items/sec. 


— se 
(9) In addition to the overall time and error scores detailed records for each respon 
were obtained with the aid of SETAR (Welford, 1952). The method adop 


a P k: e 
provided a single readout for each response giving the time elapsed since th 
last response to the nearest 0-o1 sec.; a stimulus and a response code. 

Display-control arrangements 

The display consisted of a One Plane Digit 1 Di i nth 6:3 V 

splay Unit, Model roo wi t 

lamps, manufactured by I 1 prensa AISpiay , Slt tha 
J y Industrial Electro: E S 1 t ensurec 

any bulb would be lit sell m nic Engineers (the supply circui pad 


ehin 
T e 
he five-finger keyboard used is shown in Figure 1. The centres O m 


; e 
EG DERI z. and a movement of about yẹ in. we. 
a B i 

A wooden block, 2 in. high.. ec to operate the microswitch mounted beneath eac! 


| 
| 
| 
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FIGURE 1 


n the present experiment. 


The keyboard used ir 


d to the key on the left of the 


ponde 
propriate digits were 


bels for the ap 


ntilated by a fan. The 
ect through a one-way 


ch that digit 1 corres, 


Th í 
e S-R relationship was su 
d soon. La 


boa; 

rd, die; 

Stuck pg 2 to the key next to it, am 
The EAR hinge of each key. 

SXperimenter a sat in a noise attenuating cubicle which was ve 
Screen, The sat outside the cubicle and could observe the subj 
e experimenter could talk to the subject via a loudspeaker. 


pre sequences 

5 " T 

Findon m ent. bias on signal three. This sequence was generated from Fisher's tables of 

1e others mper so that on average signal three would appear 68 per cent. while each of 

ese, r2 b. ould appear 8 per cent. of the time. A total of 24 blocks were produced, of 

Wards a were used both backwards ds, two once forwards and twice back- 

Within a 10 forward only, making blocks. (No blocks were repeated 

he second week’s programme.) 

EDSAC ree. This sequence was generated by a programme from 

14 per 1 three would appear 44 per cent., and each of the others 
cent. of the total time. The w. timuli thus generated was 


Used with thi hole sequence of 10,000 $ 
1 this exception: seven tri gramme 


Were trans d half of the 68 per cent. pro 
Soe ed to appear in exactly on in the 44 per cent. 
me. This meant that seven trials of the 44 Per cent. program: 


and forwar 
a total of 5° 


me were thrown 
en transplanted 


Out a. 
`“ and d 
trials, T minor adjustments had to be made to 
he throw-outs were as nearly similar as possible to the transplants as far as 
The overall distribution of bias for 44 per 


Mcid 
ence HET 
of stimulus three was concerned. 


n 
. was 
vas thus hardly affected. 


Procedure 
and att subject attended for tw ys, once in the morning 
n Ea in the afternoon. 

materiai > session subjects were first given 23 ) 

bu Not gi This was intended as limbering UP and subjects were tol 
o Tesoro their time score. They were then given their first bl 

iore. n each. After each trial they "were then given their tota. ~ 
© the s pine 1} min. intervals between first and second blocks the experime 

ubject in the cubicle about his progress. 


ons on each of 10 da 


s of five-choice equi-probable 
d about errors, if any, 
ock of five trials of 
tal time and error 
nter talked 


O15 min. sessi 
25 response: 
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Instructions 


Subjects were instructed to respond as fast as possible while not making more than 
one error per trial of 50 responses. Subjects were informed about the amount of bias 


to be expected and were warned of the difficulties of responding quickly to a biased signa 
while still maintaining accuracy. 


Subjects 


There were 11 subjects, six performing on the 44 per cent. programme, and five on 
the 68 per cent. programme. The subjects were all volunteers from the Royal Navy- 


Treatment of data 
(1) For the detailed analysis, only the second week's data was used. 


i : ` lages 
(2) Mean times per response for successive blocks of trials and mean error porcentoe 
were worked out from the data sheets containing the raw data from timer and coun 


(3) The SETAR data obtained for the second week of the experiment were processed 
by EDSAC at the Cambridge University's Mathematical Laboratory. For each suber 
an output was obtained which summarized performance in three categories: High, Medium 
and Low Bias trials. The observed bias for each category is shown as a percentage d 
Table III. Within each category, the output gave the number of stimuli, the mean E 
and the standard deviation per response to each of the five stimuli, as well as a de 
analysis for stimulus three. This run analysis showed the number of entries in NUUS 
position, the mean time and standard deviation for each position within a run, and 
number of runs of any given length. 


The Low Bias category for the 68 per cent. was identical to the High Bias benc 
for the 44 per cent. group and contained seven trials (54-58 per cent.). For 68 per Men 
the Medium Bias category contained 53 (60-68 per cent. the High Bias, 39 ied 
(70-80 per cent.)—(one remaining trial of 50 per cent. was not included in the detal 
analysis). For 44 per cent., the Medium Bias category contained 55 trials (42-52 per cet 
and the Low Bias category 38 trials (22-40 per cent.), making a total of 100 trials for uo 
programme. The EDSAC analysis identified the location and nature of errors made a 
each subject. In view of the low overall error percentage which averaged just E ep 
one per cent., the major analysis treated errors as if they had been correct respon e 
Although this caused some distortion of the data, it is small compared with the very larg 
number of entries, 5,000 responses for each subject. 


Run analysis 


There are two ways of doing this: one can either pick out all runs of equal length Lo 
obtain means for each position per subject per run-length. In this case there will be 3 
equal number of entries for each datum point. Alternatively, one can superimpose an 
runs and obtain mean times for each position per subject. In this case there will be o 
unequal number of entries for each datum point, more for the earlier positions than di 
the later ones. Preliminary analysis had shown that adopting the second method e 
not produce misleading results and since it is by far the easier of the two to programm’ 
it was adopted for most of the data to be presented here. 


= RESULTS 
Input characteristics 


The overall structure of the in 
Tables I and II. Table I shows t 
the five stimuli were found in th 


44 Per cent. programme but that there was a cross 
over after a run-length of 3 so that ther for the 
68 per cent. programme. e were then more long run-length 


Y 
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" TABLE I 
RELA UE MS 
ATIVE FREQUENCIES AND PER TAGES FOR STIMULI OBSERVED IN THE INPUT 
PROGRAMMES FOR THE COND WEEK OF THE EXPERIMENT 
| Stimulus 44 per cent. 


Stimulus 68 per cent. 

per cent. per cent. 
T 454 9:08 702 14°04 
= 418 8:36 | 699 13:08 
3 3,358 67:16 | 2,146 42:92 
4 368 7:36 | 692 13:84 

T 5 402 8:04 761 15:22 

otal 5,000 | 5,000 

TABLE II 


OBSERVED IN THE Two IxPUT PROGRAMMES 


INCIDENCE m 
CIDENCE or Runs or STIMULUS THRE 
SrconpD WEEK 


FOR THE 


9 10 

68 per cent. 1 223 7 14 15 

44 per cent. | 694 | 312 3 62 S 2 
"v 1 | 12 13 14 19 

68 per cent. 6 | 5 2. o 2 

44 per cent. o o o o 5 
Ov ; 

erall performance comparisons 

The second week's 


Figure 2 shows the performance curves for the two groups. 
nd the distributions S 


time- í 
ds scores were summed for each subject 2: : 
ere was no overlap so that we can say that the overall differenc 


o obtained compared. 
e between the two 


FIGURE 2 


= 44 per cent. 
———  68per cent- 


0:900 


0:800 


MON TUE web THU FRI SAT|SUN MON 
i i for 
Performance curves for the two groups in terms of mean time (in sec.) for response 


Su x 
SCessive blocks. 
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&roups was reliable and the second of the criteria mentioned in the introduction 
was met. 


There were just below 1 per cent. of errors on average for the 68 per cent. group, 
and just above r per cent. for the 44 per cent. group. 


TABLE III 
MEAN TIMES (IN SEC.) PER RESPONSE TO E; 


ACH OF THE Five STIMULI FOR THE Two GROUPS 
AND THE THREE CATEG 


ORIES WITHIN EACH GROUP FOR THE SECOND WEEK 
Average Bias on Stimulus three — 67 per cent. 


| 1 2 | 3 4 5 E 
High (73 per cent.) aal 0:636 0:664 | 0:431 0:633 0:661 
Medium (65 per cent.) | 0:620 0-671 0:445 0:655 0:658 
Low (56 per cent.) | 


0:636 0:664 | 0:462 0:666 0:658 


Average Bias on Stimulus three — 43 per cent. 


I 2 3 4 5 
High (56 per cent.) - 0:597 0:627 0:523 0:674 0:650 
Medium (46 per cent.) .. 0:605 0:658 0:548 0:670 0:640 
Low (36 per cent.) s 1 0:612 0:639 0:564 0-668 0:650 


ICI MAC ML o A -——ÁÓB i s— —À 


Comparisons between. categories within groups 
Table III shows the mean tim 


Both groups treated stimulus three as a high 
à difference between the two groups (see below). 
so met. à 

ach group there was a decrease in response time 
he High categories. This decrease was found to 


às Figure 4 shows the mean times for responses to all stimulus threes (as in Table Il 7 
above) compared here with their response times to stimulus three in positions 1 an 
positions 2. For threes in the first position, the only difference which was reliable 
: en High and Medium and High and Low for the 
44 per cent. For threes in the second position only the difference between Medium 
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Run analyses for the two groups. Mean times (in sec.) for each position. 


FIGURE 4 
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Per cent. bias 


Mi A ? "E ia 
Position". times (in sec.) to all stimuli three, stimuli three in position T, and stimuli three in 
2 for the two groups and in the three categories of local bias. 
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and Low categories for 68 per cent. was shown by all subjects in that group. Tae 
differences were, however, very much smaller than those appearing in the mean Mr. 
for all threes; the effect of trial bias variation is thus very much less than the "al 
three" curves suggest. " "m 

To sum up the findings so far: we were able to show a strong repetition € e f 
and we were able to show that the response times to “all threes” varied with amoun 
of local bias. But this variation is attributable to the differing proportions of three 
in the initial, and later, positions in a run, and not to a change in the response tim 
to threes in equivalent run positions. 


Variability 


It will be recalled that we obtained standard deviations from the EDSAC ue 
out for all the means obtained. Examination of these standard deviations reve to 
a very consistent pattern. The standard deviation of the means for respone i 
stimulus three in position 1 were comparable to those for the other four stim ad 
ie. the non-threes; but the standard deviations of means for successive pu) 
within runs of threes reduced considerably. Beyond the third or fourth pu 
the standard deviations reduced by a greater amount than the corresponding or 
To illustrate this point we are showing the coefficients of variation (s.d./m.) pte 
for the Medium category of the 68 per cent. group up to run-length ro, and for ya 
five stimuli separately in Figure 5. All five subjects showed this effect, and it 
just as consistent, and marked, in the remainder of the data. 


FIGURE 5 

0:30 

025 025; 
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0:10 0:10 

ji "Eu — — UM LL L2 

t E d$ w S ' 2 3 4 5 6 7 8 9 10 


Stimuli Position in run of stimulus three 


Coefficients of variation. 
cent. group showing the averag, t the 
O rs 2 itions of the run-analysis for this sample. Note thee ons 
coefficient for No. 3 1S particularly high: this is because it includes threes in all pos! 
of a run as shown in the Second part of the figure. 


Run analysis conclusions 


- : o 
From the data presented so far it would appear that the response times : 
position 1 were similar to* 


c : " B A E imes 
à mi ordinary" choice reaction times, but that response tim 
to successive positions appea: 


ze : red to be different both in terms of means and © 
variability. As a final ilustration for this point, we have prepared Figure 6 from 


^e 


n 
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the analvsi 
e analysis obtain od f : 
this figure i ed from a pilot group run under 68 
e isa histoer er cent. 

Hits re ae ye of all the 300 response times ra ced Lad upper e 
other Shan Ne rial having 40 threes). The solid portion E e perd 
response ^i responses, while the shaded are first responses and Te cran je 
is composed " to non-threes. From this histogram, it will be seen that the ves 

sed largely of responses to either 1 positions or non-threes. The lonen ke 


FIGURE 6 
(a) 


20 
g All threes except 
those in position |. 


Ø Threes in position l. 


D Non-threes 
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0600 (b) 
0:500 
0:400 
— a Loo eode 
incidence of 


a single trial of 50 items with an 1 
sition) and ten non-threes. Data 
liminary experiment. 

) for successive 


Mean times (in sec. 


(a) Distributi 
st), Distribution of all responses from 
oled for three (of which eight were in the first po 

six subjects from the grouP used for the pre 


hown in (a) 


40 
Po 


(b) Ru 

Positions ap om inel for the entries $ above. 
s particular trial. 
d in disregarding 
nerated 


of thi 
is . 
I Pa shows the run analysis in terms of mean times for thi 
ne long rs from this comparison that one would be quite unjustifie 
Vithout Da of the distribution of all threes since the short end could not be ge 
he existence of the readings contributing to the long end! 
Analys; 
Sequenz of performance of the two groups in the seven identical trials (see Stimulus 
es abov 
i Th 3 . H H 
filer reali mean times per subject for the seven identical trials w 
- There was, however, @ Te jable difference in the mean Tes 
differences for the 10 run post 


a 
Sti : 
t mu 
he m three and for most of the 


FIGURE 7 
0700 
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0400 
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[j 


Run position 


Run analysis for the seven trials identi 


(in 
sec.) per position for individual subjects. 


i E " rimes 
cal in the two groups showing mean tim 


xt 

In Figure 7, We show again two mean curves presented in another so 
(Fig. 3 above), the mean times per positions in runs for the identical trials, w-— 
separately for the two groups and this time with individual subjects pae P ance 
as well This figure shows the similarities and differences between the pen me the 
for the two groups in some detail: while there was still a consistent tendency centl 
response times for successive positions to become reduced in the case of the 44 per abit 
group, the curve for the 68 per cent. group was effectively flat from about the 
position onwards. 

It is clear from this figure and the oth 
performance for these identical trials w 
trends in the run analysis differed. 
note that one has 


1 
er data presented that even though ove 
as the same, the constituent times an t to 
It is perhaps of some methodological interes en 
of the limits of usefulness of overall We To 
ne to a conclusion rather different from tha 


: z -threes 
It is also worth noting that the mean times for all the non-thr 


t. 
summed were not reliably slower for the 68 per cent. group than for the 44 per cen 
group. ^ 


Discussion 
Our main findings would seem to bi 
have confirmed the exi 
illustration of “ i 
f 
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I4I 


“long-term s i 
sampling” as illustrated by 
Mion See pe ated by the fact that the patt i 
and more incur. po each condition regardless of fhe leset iu pe a 
trials.” U cally, by the results obtained from the compari "identic: 
als. nder the conditions of our experi j se hea 
one s of our experiment, subjects clearly adopt iv 
tions Le ges of performance which was unaffected by pie | to B 
r results suggest that subjects treated the first appearance of a pissed 
the first appearance of any other stimulus 


stimulus ver : 
eh eh ery much in the same way as 
re aq c ram 1 1 
was a rapid decrease in response time up to about the third repetiti 
on, 


and t 
may ien bea € further decrease beyond that. The first entry on what we 
nie ia x petition function would therefore seem to be fixed by the response 
based on the : or the low-probability stimuli, its subsequent shape by expectancies 
ear i en probability structure of the input. Subjects adopt a mode of 
oe sal ing with runs which we propose to call “controlled tapping.” 
of trial a. BS ation that there was a negative correlation between times per block 
for in e peque of local bias (Leonard and Newman, 1965) can be accounted 
his Gom cm of a slightly more complex additive model than originally expected. 
local n ues is due to the nature of the “repetition function": trials with low 
total tim vill not only have fewer responses to biased stimuli to contribute to the 
e, but these few will be drawn from the early and slower part of the function 


Tathe: 
r than from the later and faster part. 


[^ TR 
? variability 
In Fi ~ 
decreas S end 5 we have shown an example of the 
as s 2 

With E as run length increased, and the extent to 

Hone de (o position I Was similar to that associa 
ed stimuli. It is largely because of this reduced 


manner in which relative variability 
which the variability associated 
ted with the responses to the 
variability that we are 


tempt: 
tence propose the term “controlled tapping." 
are many problems which have to be solved before one can tackle a general 
interesting will be a study of the early 


Model 

eamin Of these problems perhaps the most 

g process. Most of our own eyidence and that of others leads one to suspect 
learning and it would 


that 
a ds 3 : 
form of repetition effect can be found quite early on in 
contribute towards its establishment and the 


e int F 
e E to see what factors 
in which it develops to the form found by us. 
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COMPARISON OF THE EFFECT OF HARD AND EASY 
MENTAL ARITHMETIC UPON BLOCKING OF THE 
OCCIPITAL ALPHA RHYTHM 


BY 


ALAN GLASS 
From the Department of Anatomy, The Medical School, University of Birmingham 


The intensity of blocking of the alpha rhythm of the EEG induced by the solution of 
five Hard mental multiplications has been compared with the intensity of bior 
induced by five Easy mental multiplications in 36 normal subjects. From prediction 
derived from the application of two hypotheses concerning the intensity of blocking, i 
would be anticipated, firstly, that blocking would be more intense in the Hard tasko 
their solution required increased mental concentration and, secondly, that insofar 
“higher thought” processes are more extensively required in the'solution of Hard tes n 
then blocking would be less intense in Hard tàsks than in Easy tasks. However, of 
findings of the experiment have been that blocking is of the same intensity in tasks 
both kinds. Possible reasons for this are discussed. es 

Hard tasks differed from Easy tasks, with regard to the relation of EEG chang? 
and performance. It is thought that different mechanisms may underly the solution 
the two types of task. 


INTRODUCTION 


Blocking of the occipital alpha rhythm may be a manifestation of either general 
alertness (Darrow, 1946; Lindsley, 1952) or specifically visual alertness (Adrian, 1944 
Oswald, 1962). Blocking induced by mental arithmetic, provides a means of more 
closely relating the EEG to mental function. The hypothesis that efficient arith 
metical performance is controlled by fluctuations in EEG activity has been support? 
by analysis of the relation of blocking to the answers made to a set of menta 
multiplications by 58 normal subjects (Glass, 1959, 19644) using a method of measur 
ing the intensity of blocking based on the rate of change of potential (r.c.p.). It va 
found (a) that a high probability of error was significantly correlated with à hig 


assessed by the same 
tration (Adrian and M. 
difficult tasks would 
required for their correct solution. 


in two groups of contrasting difficulty. A prelim- 
been given (Glass, 1964b). 
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p METHOD 
The subjects reclined, with eyes closed, in a sound-insulated room and were presented 
mental multiplications at intervals 


v ys a tape-recorded set of five Hard and five Easy 

fida min. EEG's were taken as the required calculations were performed and an 
s Deque observer noted the answers. An initial EEG recording permitted the 
ubjects to become accustomed to their environment. The subjects were Birmingham 
medical students and members of staff described in Series A2 (Glass, 19644). 


Electroencephalographic recording 


" Four silver, silver-chloride 
cipital positions corresponding to p 


scalp electrodes were attached in parieto-central and 
Ten T ositions O 1, O 2, C 3 and C 4 of the International 
iig Ped electrode system (International Federation, 1958). A four channel Ediswan 
E chine was used to make bipolar recordings. The four channels connected were 
eee) 1, O 1—0 2, O2—C 4 and C 3—€ 4. Although these are bipolar recordings, the 
hee C 3—O1 and O 2—C 4 are an approximation to monopolar recordings because 

e electrodes were aligned along the voltage gradient of the alpha rhythm (Surwillo, 


1963). 


Multiplications 
I Subjects were asked to multiply à two-digit multiplier and a single digit multiplier. 
n Hard tasks these were composed of digits above five (for example, 68 x 7) and in 


Easy tasks of digits below five (for example, 32 X 4): Five and zero were excluded from 
red the "carrying" of the product 


s digits used in all tasks. Hard tasks invariably requi he 

the first digit to the product of the second digit. Randomly selected positions 3, 4, 

7, 9 and 10 were occupied by Hard tasks and positions I, 2, 5, 6 and 8 were occupied by 
asy tasks in the tape-recorded set. 


Method of measuring intensity of blocking 


The method ing intensity of blocking, which was carried out chiefly in 
od oi Wesce embles Jasper and Cruikshank's (1937) "mean 


channels C 3—O 1 a 2—C 4, resem 
deflection” Setho: : a ood length traced by the recording pen for a given duration, 
was found by a map-measuring instrumen isometer and divided by the direct 
Sos representing this duration. hown to be a function 
(ne average rate of change of potential (r-c-P-), {f direction Mme e 
ass, 1964a). Ther.c.p. in microvolts per sec. was computed by the appropriate ormula 
rom this ratio, the time-scale and calibration pulse, in the trace in the 10 sec. prior to 
c " Presentation of the task and also in the trace for the period of time during which the 
alculation was performed. x 
wi Index I of the intensity of blocking was calculated by comparing 
ith the average pre-task r.c.P- Index II of blocking was computed from 
To blocked r.c.p.'s for each subject divided by the pre-response T.C.P- 
ndex III was the ratio of each blocked eT, hi ach re-response ES c variations that 
The indices were selected with the object of m ffect ofla es dimer 
occur in r.c.p. between subjects. Index I indi cT us Mem Dd etai 
Or each subject, Index I variations in pre-te T SL aera a by each 
e ratio between pre-response and pre-task r.c-P- in t 


each blocked r.c.p. 
the average of 
for each task. 


Subject. 
ewes bjects and tasks, a two-way 
Sinc -cod according to two attributes, subjects a i -we 
analysis of variam S aratna a. AS example of this is given 1n Table II for latencies 
e tasks has been divided into that part due to the 


O; 
ig eSPonse. The variance between 
wd Ce between Hard and Easy tas 5 | 
ip, BLOWS O The first order inter? € 1 t 
Significant ees "lere are no replications of the experiments, there is no way of testing 


E i rpose of the analysis has 
e gem, Dor B iftis variables in the two categories of task would be 


Tepeated i : the relevant error terms for testing significance 
are the Bub; puer (frech) HS At orrelation coefficients (see Appendix) were calculated 
ies for subject 


in Ween indices, errors and latenc 
oth Hard and Easy tasks (Fisher 1954)- 


nd so 


s, tasks and the interaction between them, 
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RESULTS 
Differences between Easy and Hard tasks 


E in 

As can be seen from Table I the mean number of errors made by 36 sijen dé 

the five Hard tasks was 0411 errors per task, but the mean number of errors e 
in the five Easy tasks was 0:239 errors per task. The average latency of respo 


TABLE I 
MEANS AND DIFFERENCES OF Errors/Task, LATE 
AND Easy (E) Ta 


iS AND [INDICES FOR HARD (H) 


Type of task pod Latency | Index I | Index II Pi Index IH 
H sis xs e 0-411 19:477 | 0:739 | 0:774 0:764 
E su a e| 0239 9:673 | 0:750 | 0:762 0:758 
Difference: (H-E) .. 0:172 9:804 | —O'OII | 0:006 
! 


0'012 | 


TABLE II 
ANALYSIS OF VARIANCE: LarENCY* 


Souvce of variation SS. d.f. M.S. 
S = Subjects .. "P 12:411 35 0:355 
B  — Between H and E 8:327 1 8:327 
WH = Within H P 1:076 4 0:269 
WE = Within E .. 0:773 4 0:193 
Intevaction 
SB .. woe de 1:634 35 0:047 
S x WH - E 3:965 140 0-028 
S x WE ave v4 4'405 140 0:032 
Ae ete] 
Total 32:592 359 — 


* These data were logarithmically transformed. 


TABLE III : 
ANALYSIS oF VARIANCES is 


Index III 
Source of variatio, mL nmm timu m 
2 F. SS. MS. | — 
S  — Subjects i Me oso een! gemi 3i 
Wa = Winery and THEE AES, 
WE = WitinE — r22t | orzo | o028 | 5.56 
Trenean 5:86** 0-080 0:020 it 
x +39 
Sx WH v5 z oogo | 3? 
Sx WE Ho Iaa logoa a 
= ^ 4:950 
oo | oo36 | _ 
Total Bret Ra 


22:105 


ip > oz ttp > otp < 001; ** p < ooor 


HARD AND EASY ARITHMETIC AND ALPHA BLOCKING I45 


Was 19:477 sec. in Hard tasks and 9:673i k isdi 
Ne rd tasks a 9:673 in Easy tasks. This diff 7 isti 7 
i sae ien significance was tested mem Hard and Yers eme 
the sa : by Hard and Easy Interaction (p < 0°05) (see Table II). In contrast 
Hard ES ne the three indices of blocking were between 0°774 and 0-739 for both 
Eirnieant asy tasks. As might be expected these minor differences were not 
Table tir: ae of variance for the three indices of blocking are shown in 
End M the only significant variance found was within the Easy tasks for Indices I 
. As Table I shows, the mean of Index III was remarkably consistent in 


Hard and Easy tasks. 


Relati 
at wee T 
ion between blocking and performance 


TE d tasks. Table IV shows that for Easy task 
icantly (p < 001) correlated with errors, implyin; 


s, Index I was strongly and 
g that an elevated mean r.c.p. 


TABLE IV 


Coni 
RELATION COEFF E 

ATION COEFFICIENTS BETWEEN INDICES I, II anp ILI AND ERRORS AND LATENCIES 
Easy TASKS 


|! 
Index 1 Index 11 Index III 
IP r ? r p r p 
—— z |» oe 
— D r . . 0:16 or O21 E 
Subjects Errors | o 199 | 7o 7 | > 214 01 
— Latencies 0:195 —0'I 0:193 O1 0:165 Ou 
— Eoo DE Amer On. 
Tasks Errors 0-958 | <001 —0:973 | «oo! — 0:102 T0 
— Latencies | —0:640 0 0:897 «005 0:770 0I 
ad e 
Interaction Errors 0:031 T0 —o-o8I 0I — 0:048 01 
Latencies o-ogo | >01 —0107 | 79'I 0:002 0 
PECES 
Ti Errors 0:137 201 —0'005 0I 0:065 0I 
otal | a ae 
es I, II and III and errors 


lated between Indic 
The significance of t 
tatistically signific 


hese differences is indicated 


Coefficients of correlation (7) are tabu 
ant correlation between 


an : 

by datencies of response for Easy tasks. 

indic, eir probabilities (p). The table shows a S 
es and errors in respect of tasks. 


ased the number of associated incorrect responses. 
rrelated with errors (Fig. 1) at a statistically 
This is an indication that an elevated mean r.c.p. 
asy tasks was associated with a concomitant increase in 
ieee of errors in the answers gi " As this was a significant correlation over 
S but not over subjects, it imp that this relation between errors and latencies 

for the particular subjects of this experiment but 

As is demonstrated in 


it 
_May not be applicable to any 
between Index II and the latency of response for 


di . 
E blocking to Easy tasks incre 
ex II also was negatively CO 
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FIGURE 1 
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Each point: Data from 36 subjects 


< in five 

The two graphs compare the relation between Index II and errors per task x 

Easy and five Hard tasks. Each point represents data for 36 subjects. Number ative 

to the position of the tasks in the sequence of the experiment. There 1s ene 
correlation (y = — 0-973) for Easy tasks between Index II and errors which is sign! 
whereas in Hard tasks the correlation is smaller and non-significant (r = —0-693)- 


FIGURE 2 
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Latency of response 
Each point: Data from 36 subjects 
These two graphs compare th. s ; sponse 
n € relation of Index II of blocking to latency of resp” Sn 
5 Debut five Easy ks in 36 subjects. They damoastees a strong correlati? 
Tasks 97) for Easy tasks, which was just significant, but a weak correlation in 


HARD AND EASY ARITHMETIC AND ALPHA BLOCKING 147 
1 


the Aaa pen ios Jost significant (p < 0:05). This indicates that the lower 
that püstionl vc ag i an Easy task, the longer was the latency of response to 
dependent ar task. As this was a correlation residing between tasks, it was probably 
on a di upon the order of the Easy tasks in the recorded sequence, rather than 
e iregi association between a low pre-task r.c.p. and a subsequent long latency 
^ Pea: because there were significant correlation coefficients which have been 
emis He are not tabulated, between order of tasks and Index II and average 
task S oi response for tasks. Other coefficients of correlation between order of 
sks and the remaining factors were calculated and found to be not significant 
Hard tasks. In Hard tasks, Table V shows that Index II was negatively correlated 


wi : : 6 
( ae errors in the interaction between tasks and subjects, at a just significant level 
< 005). From this it may be inferred that a given subject answered incorrectly 


TABLE V 
FICIENTS BETWEEN INDICES I, II ANDI 
Harp TASKS 


ConnELA? 
RELATION COEF II AND ERRORS AND LATENCIES 


Index 1 Index 11 Index IIT 
= 
r p Y p r ? 

S ce Errors 0:056 | 201 0:002 | >01 —o:049 | »01 
Subjects 5 4 

Latencies 0:392 «0:02 0:353 «005 0:386 <0'02 
Tasks Errors 0:598 | >o'! —0:693 | >I —o112 | 2o 
B Latencies 0-085 | 701 0:357 | >01 —0155 | >I 

Errors —0'0 >01 —o-160 E —o-161 «0:05 
Interaction 0:037 5 5 

Latencies o:21o0 | «995 0-068 | >o'l 0170 | «005 
, D : . — 0:08. 0I —o-108 | >01 
l'otal Errors 0:023 0: 4 

Latencies 0:314 <orol 0:239 «0:02 0-280 <o-o1 

lated for Hard tasks. 


As in th i i fficients are tabu 
igni e previous table but correlation coe! cients à f à 
ara ficant correlations are shown between latencies of response and Indices for subjects 
ud negative correlation of errors with Index II and a positive correlation of Index T 

latency occurs in the interaction between subjec 


More often when high rather than low r.c.p.'s preceded Hard tasks. dt should, 
cise significance of both the interaction and the 


OWever. be p 
, be pointed out, that the pre a 1t 
total correlations (especially for errors) is not entirely clear and therefore the validity 
a conclusion is questionable. 
similar negative correlation 


t A 
S for a particular subject, relatively more intense DO” c 3 
Pre-response to pre-task r.c p.) increased the probability of error in solving Hard 


tasks ; " - activity, since th T 
5$. This is most likely due to elevated pre-task activity, since e pre-response 
pity showed Eo i Y'ignificant correlation. In Hard (unlike Easy) tasks the 
pose latency of response for subjects exhibited small but statistically significant 

Ucitive tore tions with Indices L TL and III (Table V). Figure 3 shows this 


ex III (p < 0°05) also indicated 


of error with Ind 
blocking (a decrease in the ratio 
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FIGURE 3 
"Easy' tasks "Hard' tasks 
EON o m 
o 
mop 9o 110 
[o 
roof 1-00 
° - o 

os} o o 050 
E "ge o [ S. 2 e o 
15 O80- o 9 0.80 s ad 
3 o e Bo 
2 070 i e 070 Eo? 
L L 
a f 99 o o o 
Š rok 9 a osob ?o? 
© o e 
a 13 

050bo 3 0:50 o o 

o 

osot o? 0:40 o 

030r 0:30 

020 a 01 —H— —L LLL —24 

0 10 — 20 30 40 50 o 10 20 30 40 so 60 
Seconds Seconds 


Average latency of response 


or 
These two graphs compare the relation between Index I and latency of response Í a 
each subject in Hard and Easy tasks. In Hard tasks the graph shows that end 
positive correlation between Index I and the average latency of response (r -elation- 
which is significant, but the graph for Easy tasks does not show such a positive correta 
Each point represents the average of five tasks for each subject. 


graphically for Index I. It suggests that a subject's intensity of blocking is related 
inversely to the calculation time for Hard tasks; the more intense the blockin&: 
the shorter the average calculation-time. sponse 
The interaction coefficient of correlation between Index I and latency of respo i 
(Table V) was relatively high although only just significant (p < 0-05). This rise 
indication that the correlation between the index of blocking and latency of were 
originates from a high r.c.p. during blocking, since Index I is a function ee 
variation in r.c.p. during blocking (see Methods). The interaction omi e s 
Index III and latency was also just significant, implying that for a given SIE d IV 
intense blocking is associated with short latencies of response. As shown in T: ab vere 
total correlations for the three indices and latencies of response for Hard tasks W 


tjs Spee i M RO 
Statistically significant, due to the significant correlation between latencies 
indices for subjects. 


Discussion 
Direct differences between Hard and Easy tasks ing 
‘ inir 

_ The experiments have shown that although Hard multiplications, cot ae 
digits above five, took longer to solve and induced more errors than Easy mU sity 
cations containing digits below five, there were no significant differences 1n ieee 
of blocking. i ighe” 
" When the hypothesis that blocking is intensified when dissociated from ' oe 
thought” processes (Costello and McGregor, 1957), is applied to these results U 
assumed that “higher thought" processes would tend to be more extensiv e 
employed in the solution of t 


arithmetical tasks of greater than of lesser magnit 


E ms e e 
(that is, it is assumed that the type of mental processes used in the solution of th 
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y tasks involve some qualitative differences but do not 


p as opposed to the Easy 
er markedly in kind). It would therefore be expected that Easy tasks, insofar 
loyed in their solution, might 


Lo t processes are less extensively emp 
Eae z intense blocking: But, in fact, the same intensities of blocking were 
oe ath h categorics of task. From this it may be inferred on first examination 

either the assumption itself was not correct or that the results do not support 


CS o pe 

eni assumption that greater mental concentration would be required to solve 

asks might be justifiable because difficulty of arithmetical tasks as measured 
correlated with the logarithm of the 


b A B 
"id palpolagne -tire (latency of response) can be 
rs and their products (Thomas, 19634,)). Therefore, applying the hypothesis 


E intensified blocking with increased mental concentration (Adrian 
rie enn 1934), it would be predicted that blocking would be intensified when 
i (sete with Hard tasks. From the results, a possible conclusion is that variation 
upon A sity of mental concentration within these limits is without measurable effect 
c bsatundi intensity of blocking. This tentative conclusion may be contrasted with 
1936; j tons that blocking results from concentrated mental effort (Davis and Davis, 
mod. iss and Cruikshank, 1937; Travis and Knott, 1936) and that less blocking 
ht the performance of easy non-arithmetical tasks than of harder 
with th ical tasks (Chapman, Armington and Bragdon, 1962) but it is in agreement 
blouka. finding of only very slight quantitative increase in intensity of EEG 
Derfor g during the performance of harder word-opposite tasks than during the 
A mance of easier word-opposite tasks (Martinson, 1939)- . 
E possible, but unlikely interpretation of these results is that they may 
is n evidence tending to support both hypotheses. The explanation for the 
ensity of blocking being the same in Hard and Easy tasks 3s that each factor in 


b . H n 
both hypotheses may be acting in contrary directions upon the intensity of blocking. 
s required for the Hard tasks may reduce 


eis increased “higher thought" processes req l 
concent nere of blocking, which, however, are increased by the intensified mental 
nena Un required for their solution. Thus the net difference between the 
Zero, | ities of blocking in the two sets of calculations may be supposed to be effectively 
, because of the balance of the influence of the two opposing processes on blocking. 


Indi 
tect differences 
[ferences 
e correlation of pre-response and pre-task 


he vrors. It may be inferred from thi : E E 
inda, S with errors in Easy but not Hard tasks, that these r.C;P- s may determine he 
im uction of errors in Easy multiplications which may be “gemi-automatic.” An 
re Portant factor in this association may be the recorded sequence of Easy task 
Presenting the development in terms of EEG changes, of an increased facility in 
í ment (20 min.) may 


ag them, which the relatively short duration of each experi 

d tasks. Errors in Hard tasks may depend more upon 

owever be pointed out that due to the fixed 

this experiment, learning and habituation changes 

veen Hard and Easy tasks, although the 

n nroughout the sequence an 

o Some cases, were so marked that it would be diffic 

Order, 

Negative correlation coefficients for Hard tasks betw 
S were just significant, indicating that in contrast t 
Vidual, an incorrect response to a Hard task was precede 


een Index II and III and 
o Easy tasks for à given 
d by a high r.c.p. In 


Sir 


I50 QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY 


calculations of greater magnitude, it would o be expected that the correlation 
"een errors and Index II would be increased. : 
err implies that increased pre-task r.c.p. will influence bea igre r E 
in those tasks, for which, in a given subject, this probability is ack at 
Responses to tasks which are so difficult that error is almost certain, — "en thé 
be affected by changes in pre-task r.c.p. Therefore, it would be predic i A nudi 
maximum effect of pre-task r.c.p. will be upon the responses to those tasks pt 
magnitude which, for the individual, allow an equal probability of either a 
or of an incorrect answer. 3 
3 These conclusions are in agreement with earlier findings that correct inl 
pattern recognition (Short and Walter, 1954) and accurate diagram guam E 
(Walter and Yeager, 1956) were associated with intense EEG blocking, wi in 
finding of a significant correlation of a subject's logical ability with uem ó 
alpha activity (Beckman and Stein, 1961) and with earlier findings of .-— p. 
performance in mental arithmetic to blocking intensity (Glass, 19644). S A E 
of difficulty of the arithmetical task which induces blocking must be coi 
the interpretation of the relation of efficiency of performance to intensity pt jnet 7 
The differences in the relation of errors to intensity of blocking in the two kt 
task would imply that different mechanisms may underly their solution. "P 
Latency of response. For subjects, latency of response was negatively d that 
with average intensity of blocking to Hard tasks, which was an indicati item 
individuals who blocked intensely to these tasks also responded quickly nt . the 
In contrast, the average latency of response to Easy tasks was unaffected 3 ine 
Subject’s intensity of blocking. Intensity of blocking may therefore renin: 
latency of response which a subject makes to tasks of the same order of cy are 
and of the same order of latency. However, when the differences in latency * 


s x cking 
great, as in the direct comparison of Hard and Easy tasks, the intensity of blo! 
is unaffected by the latency of response. 


The correlation between latency 
Easy tasks. A short average latency 
associated with a high pre-task r.c. 


ed 


wes for 

of response and Index II is just significant ie 
of response to a particular Easy task is eo 
p. which may be an indication of the pe él 
of a sequential learning process, in which a shorter latency of response is wer 
with a high pre-task r.C.p. in Easy tasks presented later in sequence. Thus, " py hi$ 
in Hard tasks, the average latency of response of a subject may be altere tency 
average intensity of blocking to these tasks (see earlier discussion) the ber 
the response to the average Hard task is not affected by the same sequentia. 
process which would appear to affect latency to the average Easy task. sponse 

In Hard tasks, the interaction coefficient between Index I and latency of dividua " 
is just positive, suggesting that a low r.c.p. during blocking, for a given in E 
Will be associated with a reduced latency of response to a particular Hard Es i8 the 
The association of latency of response with intensity of blocking foun 1961: 
Previous study (Glass, r9648) was compared with the association Soe h 
1963) between Teaction-time and average alpha frequency which suppor ever, 
neurophysiological “clock” theory of the alpha rhythm (Wiener, 1958). Hon o 
the increased latency of response of Hard tasks compared with the short durati á 
the reaction time makes it unlikely that the same mechanism can influence 
associations, 


CONCLUSIONS 


Easy 
ensity of blocking is induced by Hard i gher 
that neither increased mental concentration nor 


The finding that the same int 
tasks appears to imply 


i) 
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Bs p (insofar as the solution of Hard tasks requires the operation of 
(ana ulties at a greater intensity than the solution of Easy tasks) can have much 
that the poten me intensity of blocking ofthe EEG. However, there is a possibility 
blocki ndings may also be explained by the opposing influences on the intensity of 

ing of these two processes balancing in Hard and Easy tasks, and resulting in 


no change of intensity. 
c repere of performance to i 
one : asks. These differences may in 
ovid their solution. In Easy tasks, ] 
m Me iem and pre-task rcp, relation which because of a sequential factor may 
TE sociated with learning. In Hard tasks, errors are correlated with pre-task 
.p. This would lead to the prediction that only in calculations of a magnitude 
n equal probability of correct or incorrect 


ti 
hat produced for the individual subject a 
p. be most strongly associated with errors. 


ntensity of blocking, Hard tasks differ from 


dicate that different cerebral mechanisms 
both errors and latency are related to 


answers, wi 
answers, would elevated pre-task r.c. 
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APPENDIX 
CALCULATION OF CORRELATION COEFFICIENTS IN HARD AND Easy TASKS 
Three analyses of variance tables were constructed for both Hard and Easy e 9 
using sums of squares for each variable and the sums of products. Each correlatio 
coefficient was then calculated by dividing each sum of products by the square e 
of the product of the sums of squares for each row separately, that is for subject 


tasks, interaction and total. A numerical example of the calculation for errors an 
Index I in Easy tasks is appended. 


ANALYSIS (Easy Tasks) 


———————— Á———Má— a gin A: M — M —À—— S 


à Square root Cross-products 
S.S. S:S. Index I and 
Source D.F, Index I Errors Errors * 

Subjects .. 34 6:853 x 10:228 — 8:372 1:67 167/887 
= 0:199. 

Tasks T 3 0:4766 x 1:088 = 0-720 0-69 Miei 
= 09 

Interaction TÄT 41374 X 20:912 = 9:3016 o29 . 0:29/9301° 

j i = 0:03 
Total | 178 11:467 x 32:728 = 19:373 2:65 2:65/197373 
i = 0'137 
: 6 


« 6 . 
Manuscript received 3rd. January, 7 9 
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SPECIAL ARTICLE 
CENTRAL INTERMITTENCY TWENTY YEARS LATER* 


BY 


PAUL BERTELSON 
From the Laboratoire de Psychologie, Université libre de Bruxelles. 


ars since Kenneth Craik, Fellow of St. John’s 
College, Cambridge, and first Director of the Medical Research Council's Applied 
Psychology Research Unit, was killed in a street accident, at the age of 31. During 
the 8 years he had spent in C ambridge, he had offered the most striking example of 
what a man of exceptional ability can achieve when placed in an exceptional 
environment. Some of you have known Craik. Sir Frederic Bartlett, who knew 
him in the way that only close co-operation in a common effort can provide, has given 
us an outstanding picture of his indomitable energy, of his healthy appetite for 


knowledge, of his mechanical inventiveness paired with the passion for fundamental 
tion can only watch the influence he 


issues (Bartlett, 1946). The men of my generation i 
has had, not only through his few published writings, but also through the direct 
impetus he gave to Cambridge research, ied and fundamental, on human 


skill. 

The objective of this lecture will be to examine the developments up to now of 
D. of the most influential ideas launched by Craik, the idea of intermittency In 
human sensory-motor activity. : i 
. This hypotlieds was veol in two short papers, intended presumably m 
limited circulation and discussion rather than for publication, which BR r 
written in March and April, 1945, and which were published posthumously 2 er the 
title “Theory of the human operator in control systems ' (Craik, 1947; 2 4 E] 

The papers were concerned mainly with tracking performance on i e ey iis 
of the applied work done by Craik and his associates during the d aed. a 
concentrated. A feature which is common to many practical "oes = Ee a 
driving a vehicle, or aiming with a rifle or a gun at a moving 9 Tecate ne 
function of the operator is constantly to minimize the imd 
and the part of the situation he controls—the pointer—while 


an external factor 
; to i the dis- 
causes either the target or de T ers 
crepancy. ^A number of laboratory task: ; $ 3 
available. The exis versions used by Craik — ofa y des pre ora 
With a li t D "1bect Saw only a limi l : I i n, 
and a c Mas dee je e on the line while this was passing behind ips = 
Craik was applying to this situation concepts derived from the theory of servo- 
mechanisms p ne P esis was that man behaves basically as an intermittent 
COPrechion sar ante that, even when the changes in the course are continuous, 
Correction 0. E^ 1 discrete i tervals only. It is opposite toa continuous servo, 
Which at eei adjusts its response as à function of the discrepancy observed 
a finite time interval (called the time-lag) before. 


In a few days, it will be exactly 20 ye 


both appl 


/ 5 i St. John's 
A ‘ ; -qpe on 4th May, 1965, under the auspices of 

College s panem Gra at the request of the Editor. Professor Bertelson 
Was the Helder of n Kenneth Craik Research Award in 1964-65 (Ed.). 
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The evidence for this intermittency was the jerky aspect of records of tracking 
error. The jerks however are evident only in unpractised subjects. With practice, 
additional factors, such as anticipation of the future course of the target on the basis 
of its past behaviour, enter the picture and make the recordings look more continuous. 
This is why the intermittency was considered as basic only. 

Careful investigations of the role of anticipation in tracking have since been 
conducted (Poulton, 1957). They confirm Craik’s original suggestion, but also, 
since the picture which emerges is a rather complex one, they show that continuous 
tracking was probably not a very good situation in which to study intermittency- 

Intermittency in correction can be effected by two classes of phenomena. It can 
be the product of a threshold mechanism where discrepancies smaller than some value 
evoke no correction. This interpretation could be dismissed on the ground that 
speeding up the course, or magnifying its amplitude (two manipulations which 
increase the speed at which a given discrepancy can be built up), left the periodicity 
of the corrections unaffected, at a constant value of about two corrections per seconc- 
This left only the alternative interpretation, that intermittency originated in the 
central mechanisms responsible for choosing the response. The idea is that the 
process of choice is done in discrete units. On the basis of the sensory data available 
at one moment, one unitary “computing process" is started, using Craik's vocabulary 
and “new sensory impulses entering the brain while this central computing proces 
is going on would either disturb it or be hindered from disturbing it by some 
switching system" (1948, p. 143). If we can make an industrial comparison, e 
central mechanisms operate like a workshop which starts one unit of fabrication anc 
completes it before it starts the next unit rather than like a continuous assem y 

.Iine where orders enter continuously at one end and assembled units are deliverec 
continuously at the other end. In the comparison, the orders are the sensory data 
and the assembled units the responses. 

The most frequent interval between corrections was of the order of 0:5 S€” 
although intervals as short as 0:25 sec. were observed also. Craik put much stres® 
on this two-per-sec. periodicity and, as a result, much of the early work on es 
mittency concentrated on trying to explain this particular value, Craik himse 
appears in his papers to be hesitating between two different types of explanation 
A pees aM postulating an intermittency period of hatia geeet be. 

mie e toan experiment published in 1931 by Telford, and which had § 5 
ibjects giving simple key-pressing reactions to auditory signals coming 2 
unpredictable intervals ranging from 0:5 to 4 sec. ly after 


: ; responded more slow. 
095 sec. interval than after one lasting I sec. or longer. Telford had concluded that 
a voluntary res; 


: n 
1 ponse is followed by a refractory phase, analogous to that long kno" 
to exist at the leve] of simpler physiological systems like P mds or muscles. His 
Wrote Craik, showed also a re 


analogy is a very ], 
not respond at 
so-called psych 
response, but with a lon, cs 
er latency. The term how medi: 

Eo that one has p use it. E W- E 
€ second line of explanation consisted 


€ncy period which delays a ne 


of trying to specify what happens during 
Craik explained that between obs 


W response. At one point in his pap’ 
; ervation of a misalignment and initiation ° 
corre Eg: nt an Y 

that pude e a delay—the "reaction time”—of about 0-3 sec. occurs, 2” 
10n movement itself takes about 0-2 sec., making a total of 0°5 €^ 
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aoee valsi was aes b from un step-tracking experiments Craik was 
tiesto” és s Di eB, E o reason was given why computations for a new 
work by Pe v d not Start as soon as the movement was initiated. In fact, later 
red beer vui (1954), — (1953) uper (1953) has shown that in 
ee i s 5, overlap of responses wit He ecsions regarding later responses is 
fa ar i observed. But no doubt, the suggestions made in the paper were tentative 
eu " ure, and we can be pretty confident that Craik would have proceeded very 
luickly beyond that stage, had he been given the opportunity. 

E the years following Craik's death, intermittency remained a purely "Cambridge" 
NS em. These years saw two important developments, which we had better 

Scribe before starting any comment on the whole issue. 
pole the completion and the publication by Vince (1948) of the experiments 
ud started under the direction of Craik. These involved a series of step- 
ie tt experiments, where the subject had to follow a course which jumped from 
evel to another at discrete time intervals. This situation provides a, much 
the er test of the intermittency hypothesis than continuous tracking, since here 
edad consists of sharply defined events, permitting a direct measurement of 
m A times and of movement times. | When two steps occurred at intervals 
ET than about 0-5 sec. the reaction time to the second step was markedly in- 
Te Hick (1948) also published some exploratory experiments where the 
Ten responded to successive signals with different hands, and which showed that 
delays in second reactions were not due to motor interference. 

The other development of these years is the pursuance by Hick (1948) and by 
Welford (1952) of the theoretical discussion on the origin of intermittency. Some 
Very similar suggestions were made by the two authors but Welford produced such 
& clear formulation, that all subsequent work on the subject has been directly 


Inspired by his theory. 
^ The basic idea of Welford’s model is directly taken over from Craik. In Welford's 
i ords, the delay observed in responding to the second of two closely spaced stimuli 
S due to “the central processes concerned with two separate stimuli not being able to 
Coexist, so that the data from a stimulus which arrives While the central mechanisms 
are dealing with data from a previous stimulus have to be ‘held in store’ until the 
Mechanisms have been cleared” (Welford, 1952, P: 3). With the increasing use by 
Psychologists of the language of communication “central mechanisms" were going 
to be called the “central channel" and W elford's theory known as “the single channel 
hypothesis", The important step taken by Welford was to take the reaction time 
as an estimate of the time during which the central mechanisms were occupied by 
the first stimulus. If the second stimulus arrives before the end of that time, the 
reaction time to the second stimulus will be the “normal” reaction time to that 
Stimulus plus the interval separating the arrival of that stimulus from the end of 
€ first reaction time. z 
lap of adjacent reac 


his simple principle of no-over à tion times accounted. for 
elays observed when the second stimulus arrived during the first reaction time. 


ut delays had been observed also for longer inter-stimulus intervals. Postulating 
d of the reaction time would have 


that th i i h 
: e mechanis main busy after the en 

Sven a much ne. ipe prediction for the cases where I < RT,. Welford then adopted 
i ject paying attention 


Ick’s suggesti farther delays could be due to the subj 
9 his evang m. sid tral mechanisms could be occupied by 


^ fically, the cen 
Stimuli, kinesthetic or other, fed back from the response, which would then create 
à new intermittency period. In gra uli are more likely to 


ded movements, such stim e 
Occur at the beginning and at the end of the response movement. An important 
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principle is that they will cause refractoriness, i.e. occupy the central mechanisms, 
only if these have not been occupied already by a second external stimulus. 

The model thus provides a quantitative prediction of the values of RT, to expect 
after a given RT, as a function of the inter-stimulus interval. The function assumes 
a saw-tooth shape. However, since RT, is variable, if we plot average RT, asa 
function of the interval, we should expect a smoother curve resulting from the 
superposition of several of these saw-tooth curves displaced regarding each other 
along the abscissa. For intervals shorter than the mean RT,, we should not expect 
a line decreasing at 45° but a gradually flattening curve. It is a pity that so many 
investigators have presented their results under the form of averages only. Much 
stronger tests of the model can be obtained when individual pairs of RTs are con- 
sidered, as was done by Davis (1956), Welford (1959) and Halliday, Kerr an 
Elithorn (1960). i 

Having considered Welford's very explicit formulation, it is casy to sec what was 
50 important in the intermittency idea. It was to open the way to an analysis 9 
complex activities, whether apparently continuous or discrete, into basic decision 
units, each consisting of the choice of the adequate reaction for a particular sample 
of sensory input. The research programme which immediately followed dapes 
two levels: (a) the study of the conditions affecting the main parameters, pcr 
and latency (or reaction time) of the basic decision units, and (b) the study ped 
interactions between successive units. We shall concentrate here on the second pr 
of the programme. About the first, one must remember that a very active movemer" 
of research on reaction times has developed in the last 15 years, and has led to é 
considerable increase of our knowledge. The main stimulus for that developmen" 
came from the hopes raised by the application of the language of information then, 
starting with the pioneer work of Hick (1952) published the same year as Welford 
theory, but no doubt another was the fact that students of reaction times R 
stronger reasons than in the early days of experimental psychology to believe tha 
they were working on something of very general significance. 

. The idea of “units” of decision may look naïvely atomistic to some, who will $ a 
in it nothing but a rephrasing of the old stimulus-response approach. But nothiné 


s 3 i x ant 
has been said so far about the size of the units. Craik had some very import? 


" i i -— 
comments to make about this After having stated that the periodicity of correctio 
was about two per 


ceive 
second, he added: “Certainly, it is possible to make successi"? 
Tesponses at a greater pace, as in transmitting morse, typewriting, playing the p 
etc., but in such cases it seems as if either the groups of stimuli composing letter n 
morse, for instance, must have been learned previously and that these groups re 
become Single "stimuli" with which the computing system deals as wholes, oi 
ee "e of reading music, that the page must be open in front of the player rud 
(Cmte E P à few notes In succession as one group and respond to them veu and 
i REND 948, p. 147). . This of course is closely related to the ideas of pe es rns. 
The 599) on habit hierarchies” and of Lashley (1951) on movement pat dtf 
us mad Units can thus involve at the input side large samples of € o 
nas Ing in Space or time, and, at the output side, complex patte is o 
: Once again, the intermittency is basic only, but a careful analysis 
arried out at the correct level must be able to reveal it. i also- 
*Periments with successive discrete i ceed 
3 e! : intervals, they can be treated as one. In Cr. i 
cking situation, w cra se was follower 
at 50 9T 100 millisec. interval peed See H the er ri was 
Sometimes cancelled. Welford integrated e principle in his model a5 * 


vill see 
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limiting c; E 

rd = a snd arearen some conditions under which it can occur. One is 

lie fos E ee atimatus external to the task has been left to occupy the channel 

The m = v us ue still be waiting in the peripheral store when the second aU 

Ru 0s s se is deliberate waiting. In experiments designed to study the refractory 
, this is generally avoided by urging the subject to deal immediately with the 

But it is well to remember that it is the normal strategy 


first stimulus when it comes. 
in serial activities. 
fiuc [ei ye ne ih i ed I: m po a ans case. .- It is an 
"ek. oeth tc Get Eney ypo esis. n fact, no really predictive model 
E ies gan be built as long as the size of the units to which it applies and 
Hi-ihs ae ons under which they are grouped have not been stated. Unfortunately, 
» limitin ae work on intermittency, grouping has been generally treated as 
little sy. = nase , used to explain apparent exceptions, and has benefited from very 
Res on ematic study (except for some exploratory work by Sanders, 1964). This 
On opinion the most serious missing link in the study of intermittency. , 
n i, B the remainder of this lecture will be to consider some of the fresh 
has he N high has been gained through recent work. This, as we have said already, 
lass re a on inspired by W elford s theory. It has been conducted mainly with 
tradition | wee the subject to give successive discrete responses, generally of the 
al key-pressing type, to discrete stimuli. It has concentrated on a few topics 


Which we shall examine in turn. 
4. reality of delays in responding to à stimulus which arrives during the 
the Dering to a previous stimulus has been very generally confirmed. Most of 
subje a "Mis work has been conducted with pairs of simple reactions, where the 
his only Knows which signals are going to come and which responses he must give; 
a uncertainty concerns the time of arrival of the signals (Fraisse, 1957; Davis, 
Kay ard d 959; Kay and Weiss, 1961). In some experiments (Fraisse, 1957; 
situation Picy 1961) both responses were given with the same key. In that 
Pressing it His delays pum be influenced by the time necessary to release the key before 
con onte again. This tvpe of motor interference however makes only a very small 
delays o lon, as was shown by Fraisse. The most direct demonstration that the 
in fe originate mainly in a central bottleneck has been provided by Davis (1957) 
au aig e s where on each trial the subject responded first with one key to an 
y signal, and then with another key to a visual one. 
To some extent, it is a pity that so much of the work has dealt with simple 


mations, since choice reactions are much more representative of decisions taken in 
cek skilled activities. Some authors (Marill, 1957; Elithorn and Lawrence, 1955; 
RARE, Kerr and Elithorn, 1960; Elithorn, 1967; Kerr, Mingay and Elithorn, 1965) 
e used a situation where one of two signals, calling for one of two responses, comes 
ignal, calling for the other response. 


fir: à 
E $4 1 and is followed by the arrival of the ofher si li 1 
ls situation is very complex, since it involves, beside intermittency, the passage 


r . . 
ct oes a choice to a simple reaction, and in the ignorance of the control value against 
ich to evaluate the reaction time to the second signal, the interpretation of the 


re à 
esults is very difficult. 


m Welford (1959) has studied choice reactior ; flashing 
ervals, and found delays consistent with his model. In this situation, the same 


om can have to be repeated, and this involves motor interference beside central 
re, Dotoriness, Delays are in fact somewhat longer in that case. - Repetition of the 
gui ey can be avoided by the use of pairs of independent choice reactions. On 
anot poa. one reaction is first given to one of two signals with one of two keys, then 

er reaction to one of two other signals with one of two other keys, and the subject 


as to two lamps flashing at irregular 
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5 ; been the 
c ; in which order the reactions will be called for. Borger (1963) sace 
17 à dy this situation, in an experiment where the same incertum | Des 
ier is ind fera run of trials. Rather unreliable delays were obtained ^u m 
a et systematically waited for the second signal, and mi 
den s one have been waiting, gave very short delays (of the et 
us e cy t short intervals. One might be tempted to attribute S Borges 
e i iw d ^ se of predictable intervals. But since the publication ls (unpub- 
odes ae es and Gregory (personal communication, iig re UD pes total of 
lished data) have separately conducted several spesa aota e internan 
re than 30 subjects, with a basically similar set-up and also pie ^ ^ direct com- 
on found very clear delays. In one of these experiments, I made a sce snae 
and ak be Bo and unpredictable intervals, and observed a € assume, 
m ibo in the second reaction times. It is surely cottons tnd Sari from 
: Sa d s (196. ) has recently done, that the case of choice reactions E s -e and ours 
dem is le E The main difference between Borger's procec vediately the 
E E cii much less than we did on the necessity to process imme accessi 
a um nu findings weld imply that strategies eg ag Na. ers P 
ise m prumdne C available under these conditions, but it is proba 
tordi or some confirmation before speculating on this oe ag — cleat 
Predictable intervals can only be used with choice ees rand and when it W1 
f course that, if the subject knows which the second signal wi be an jt wgnal 88 that 
E ed st rt organizing a double response on the basis of the first $ im in Craik’s 
spes de e : a al pin in must be expected. This was implicit e pie 
as rcs Kem in each case computation need not be delayed until t ao tood, £0 
poe ek bat a parently this point has not been universally unders recently 
" j Ve ere defend on stimulus or time uncertainty has un Creamer, 
REA as a qualification to the intermittency principle (Adams, 1902; E. 
TH ime, 
us When the second stimulus comes after the end of the pee simple 
picture is more confused. Davis (1956) in an experiment kid Lee the inter- 
reactions to flashes of light, found no delay in the second reac T & nondlidid tha 
stimulus interval was longer than the first reaction time. n at any rate not 
occupation of the channel by stimuli fed back from the Elus e dback 
unavoidable. Other authors found delays consistent We al act after us 
hypothesis. The most frequent finding is that some Mul ars frat het d valu 
beginning of the first response, but too short to fit with We "4 imul One possi Us 
of 150 millisec. as the duration of occupation by feedbac bs ck stimuli with d 
explanation for these short values would be grouping of feedba : pup that 
second external signal (Welford, 1959). Roy Davis pmo ed Condition” 
occupation by feedback stimuli is not unavoidable usus y s required in thi 
for Occupation are not yet clear. The most likely are accuracy a 
Tesponse, and leve] of practice. at of the refractorin®” 
(3) It has probably been realized already that the origin li one has to rea s 
linked to feed-back stimuli is different from that created by stimu t redction. | Lib 
to, in that it is occupation of the channel without V er xternal stimuli. 
Corresponding phenomenon has been demonstrated in the case o n lus fü which 
Fraisse (1957) and Davis (1959) have separately shown that a dus ce stimulus 
no reaction must be given, can cause a delay in the response to P ase where * 
coming Shortly afterwards. The delays seem to be shorter than in t e ges Vu? 
Tesponse must be given, but Since the authors give their results RP and of 
average RTs, it is possible that this reflects a mixture of cases of fu 


| 
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ais Whatever the explanation, there a 5 5 f PET 
ih iine ue pon no delay (Burgess 1963; ood ben Shinni 
With oe T uo mtr is Lo. problem of how the operator deals 
anuani s auli. t seems that they can either be allowed to occupy the 
fo ee start an intermittency interval which terminates with the decision not 
the tr or m refused access to the channel. The second possibility implies that 
Hanis Ke d placed by Craik before the computing mechanisms is more than a 
fünstion * F it ge a selective ability, and can discard classes of inputs. This 
eo - AT what psychologists have long been calling "attention". 

ees a has been the object of much study (Treisman, 1964) through experi- 
they rà a - are not refractoriness experiments strictly speaking, in the sense that 
inem TEL reaction time measurements, but which can be considered as 
tancon] s o the usual refractoriness experiment. The subject is presented simul- 
ta eas or in close succession with several messages, generally verbal, and asked 
Thay duro o them, or give them some sort of discriminative response implying that 
tenant » been analysed. Unless the messages are very short, he usually can only 
uda iem part of them. But if he is asked to give priority to one message having 
tiges ni dicente like being spoken in a female voice or coming from the left, he 
message oo with that particular one, at the cost of doing worse with the other 
CRINE "^ oem (1958) has shown that these selective listening phenomena 
Ebenen : with by an extension of the single channel theory which puts much 
Pepher he properties of the selective switch, which he calls a "filter" and ofa 
ih dale memory where unselected messages can be stored for a very short time. 
Dissane "e listening experiments, messages which are not selected for immediate 
(s € a Brongn the channel are completely lost because their stored trace fades 
Dents he channel is cleared. With the simple stimuli used in refractoriness experi- 

, no substantial delay can take place during the short delays involved, so that 


posu can usually be retrieved from the store. 
oeaio oth been other applications of the intermittency idea to psychological 
t ediats other than the one it was originally applied to, i.e. the choice of an 
Si Sctterm response. Broadbent (1958) is also responsible for an application to 
circulati m memory, contending that decay of memorized traces can be avoided by 
operati ng them through the single channel. And there are obviously a number of 

ations for which one can try to evaluate the extent to which they use the channel. 
"Meri developments are clearly very important. But although they show the 
indi ulness of the intermittency idea, the evidence they provide about itis rather 
rect, and always less accurate than that provided by reaction-time experiments. 


Goi : 
oing back to selective listening, it is often not clear whether the choice of the 
pure filtering, without any occupation of the 


oie message is achieved through pu , with t 
the i $ , or through a short analysis, limited to the identification of the cue labelling 
Ex elevant message, but occupying the channel for a short intermittent period. 
of ES like Davis's or Rubinstein's give much clearer results from that point 
ve e So far, we have consi 
on Ae turn to the more quan 
ae of the channel is equal to 

ember that this hypothesis has th 


o à : 
di tion time with an observable variable, this 1 A c 
it is not the only one consis ith the intermittency hypothesis. Davis (1957) 


tent w. 
a 
Sar that only a part of the observed reaction time is spent in the central nervous 
em, and that part is due to perip If all that was involved was 


cases of no delay. 


tency at the qualitative level only. If 


s, Welford's assumption that the occupa- 
e has been questioned. It is well to 
e merit of being Very simple and of identifying 
eading to precise predictions, but 


dered intermit 
titative aspect 
the reaction tim 


heral processes. 
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no-overlap of central times, the motor peripheral part of the first reaction time and 
the sensory peripheral part of the second would play no part in determining the delay: 
From there, Davis was led to suggest that, after the end of the central time necessary 
to organise the response, a true central recovery time must elapse before a m 
stimulus can be dealt with. An alternative suggestion was made by Welford (1959) 
it is that before another stimulus is accepted into the central channel, some kind 2 
signal indicating that the response has begun must be sent back to the central mec si 
anisms; as Welford notes, the hvpothesis is for the time being purely qa 
but it offers an explanation for the fact that delays are generally shorter after firs 
signals to which no response must be given (Fraisse, 1957; Davis, 1959). A A) 
Broadbent (1958), following a suggestion originally put forward by North Ce 
has considered a completely different type of intermittence mechanism. In wee 
original formulation, the “switch” was there to protect ongoing computations FO 
interference from new inputs, which implied that it would open again hog 
computations, plus possibly some clearing processes, were over. In the new je its 
there would be a minimum time interval between the closing of the switch anc * 
opening again, which would not depend on the length of the operations paier 
on the accepted input. One attraction of this type of model was that a im É 
quantization of sensory input has been hypothesized to account for a num up 
other phenomena (Stroud, 1955; Shallice, 1904). The main difference ges 
hypothesis and all the previous ones is that it predicts a delay which is mapa vbt 
of the duration of the first reaction time. The prediction has been tested direct ale 
Broadbent and Gregory in an unpublished experiment where they manipulated ME E 
response relationships, and we have to thank the courtesy of the authors for b 
allowed to say that the results are opposed to the prediction of their model. -— 
My opinion is that for the time being the most promising sort of theory dd ay: 
incorporating no-overlap of central times and some additional source of rto 
A number of such additional sources offer themselves, and the diffculty is rather » 
choose between them. We need well-analysed quantitative data collected i! 
larger range of situations before any decision can be reached. itions 
(5) The discussions considered until now have dealt either with the enn 
under which intermittency is observed, or with the exact duration of the intermi 
period. The fact of intermittency itself has not been contested. » which bas 
We have now to consider a thesis, known as the "expectancy theory, m 
been formulated several times (Poulton, 1950; Elithorn and Lawrence, 1955 iA ts 0 
1962) and holds that the delays observed in second reaction times are na 
the situation in which they were measured. It is based on the well-demons e $ 
fact that the reaction time to a signal varies with the probability of aceae 
that signal as seen by the subject, or in other words that the higher the e. 
of the subject regarding the occurrence of one particular signal at one pus the 
moment, the shorter the reaction time. The argument has been used to apan 
results of experiments, the majority of the published ones, where different pus 
stimulus intervals Were presented in random order with equal frequencies. iven 
the second signal must come eventually, the probability that it will come next d us 
that it has not come yet is lowest immediately after presentation of the first e the 
and then increases continuously. The longer reaction times observed wit anges 
Shorter Intervals would only reflect the adaptation of the subject to these aoe 
in Immediate probability, In fact, a phenomenon of that sort has been oe 
several times, although not perfectly reliably, in the situation where a signa aly 
Which the subject must respond is preceded at varying intervals by a warning Sig? en 
nding (Breitwieser, rorr; Karlin, 1959; Drazin, 1961) has be 


ted 


The most frequent fi 


for exa i 
for example, have varied separately pre 
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tha ETE . 
epee e e ce ie. 
S i rever, IS O = mn DER. E 
less Pm the delays observed in PM er ee ir M 
P Pom mme the hypothesis rather untenable as an explanation of the 
Eur ore divert tests are also possible. Davis (r965) has measured simple 
The 2 2 E signal arriving at variable intervals after the subject pressed a first key. 
c foie D s Y Ere tha same as in previous experiments by the author with pairs of 
of eed d 1957, 1959), so that the expectancy of the subject regarding time 
ns was ye the signal must have been the same. Nevertheless, the reaction 
estan ks ependent of the interval. Another result inconsistent with the 
Pelion "e i hypothesis is that of an experiment where I compared delays in second 
B. 3 a LE predictable and unpredictable intervals and found practically the 
values. On the expectancy hypothesis, predictable intervals would produce 


no delays, 
T (6) It may seem strange that the expectancy 
ention. One reason is that two affirmations of very different strength have been 


conti E . P > = ] . 

ES tinuously mixed up in the discussion. One, the strong version, is that delays 

d H The H 

po but expectancy effects. This was always unlikely, and has now been 
vn to be completely untenable. The other version, the weaker, is that delays 


are influenced by expectancy regarding the signals to come. Kay and Weiss (1961), 
dictability of the first and the second signal 


hat any increase in uncertainty increases the 
e with a theory of Welford'stype. The 
y expectancy regarding the 
e first, since the delay is a 
the expectancy hypothesis 
not constant, but 
about the signals 


; hypothesis has received so much 


nes reaction situation, and shown t 1 
len ipe delays. This is perfectly compatibl i 
idu of the second reaction time is affected directly b 
ee signal, and indirectly by expectancy regarding th 
thus eis of the first reaction time. TThis weaker version of i 
s de jim to reminding us that the intermittency interval is 
to co; rom moment to moment, as a function of prior knowledge 
me. 
(7) Now, this combination of expectancy effects with intermittent decisions 
n expectancy achieved, in an 


oses : i z 
Poses an interesting problem. How are changes 1 
i be asked, for instance, about 


M aiten ora continuous way? The question can 5e: 1 
b e expectancy. It is well known that if a signal requiring à response is preceded 
Y à warning signal at a short predictable interval, like 0:25 or 0°5 sec. the reaction 
time is shorter than with longer or unpredictable intervals (Klemmer, 1956; Karlin, 
1959; Bertelson and Boons, 1960; Boons and Bertelson, 1961). This shows that 
me warning signal is used as à time cue to start some kind of preparatory adjustment. 
If adjustments were intermittent, the subject could at very short preparatory 
intervals either pay no attention to the signal so that there would be a reaction time 
v long as that with long or variable intervals, or accept the signal and have a 
Still longer reaction time. I have done an experiment (unpublished) dealing with 
ar Problem. On each trial, the subject first waited a long time (5 sec.), then heard 
a click which was followed after a foreperiod by the lighting of one of two lamps, 
and had to respond with one of two keys. The foreperiod was the same for 12 con- 
Secutive trials, and took values ranging from o to 300 millisec. The results show à 
Continuous decrease of the reaction time with increasing foreperiods up to 100-150 
Millisec. There is thus no evidence for intermittency. fe 

b An exploratory experiment by Leonard (1958) suggests that a similar phenomenon 

an take place in the case of eventexpectancy. .— E . 

w. These facts lead to a qualification of the intermittency hypothesis in the following 
ay. When a signal calls for immediate reaction, 


it starts an intermittency period. 


E 
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But when no immediate action is required, but the signal brings information 
permitting a better prediction of the nature or time of occurrence of another signal, 
it can start a continuous adjustive process, during which a signal requiring a response 
can be accepted at any moment. , 
Another interpretation, but which also involves a qualification of the inter- 
mittency principle, is that decision units can be cut off into smaller parts, when the 
situation makes that strategy more economical. In the case of our experiment, 
part of the decisional work would be done during the foreperiod, and then the 
switch would be opened again to accept the stimulus. The difference between Rer 
hypothesis and the former one is that this "adjustable intermittency’ can wor 
only when the time at which the second batch of information will arrive is em 
so that the second opening of the switch can be programmed. The way to deci 


between the alternatives is thus to consider what happens with variable short 


foreperiods. 


There are still many points to discuss. From the start, I had to give up the E 
to do justice to every important contribution, let alone to be complete. I pi 
hope that some general picture of Craik's great contribution emerges from E. 
complicated and sometimes confused story. May it be the picture not of a arth 
display in the showcases of science, but of a provocative, controversial and, for t 
reason, fruitful idea. This I think is how Craik would have liked it. 
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SHORTER ARTICLES AND NOTES 


VISUAL SEARCH WITH MEANINGFUL AND 
NON-MEANINGFUL MATERIAL 


ny 
KENNETH T. STRONGMAN and ROBERT BROWN 
From the Department of Psychology, University of Exeter 


Two experiments are reported which attempt to assess the effects of variations 1” 
target word, context items and instructions on performance in a visual search ed 
In Experiment 1, subjects were required to search through context lists of three-Iet a 
nonsense syllables (of cither high or low association value) for three-letter meaning en 
target words (of either high or low frequency). They were given either ‘positive ici 
“negative” instructions, i.c. were told either to pick out the meaningful word or to pem 
out the word which was not a nonsense syllable. "The results showed that visual Sen 
times were significantly influenced by both frequency of target word and associa 6 
value of context items. A significant interaction was observed between pA. of 
instructions and target word frequency. The design of Experiment 2 followed one 
Experiment r, with the exceptions that nonsense syllables now became target itea 
and meaningful words formed the contex Again, nonsense syllable association va 
and word frequency were found to be critical in determining visual search times- 


INTRODUCTION et 
A visual search is one in which the subject is required to pick out the salient pee 
item from a context of irrelevant items. For example, he may be required to se 
through a context of letters in order to pick out a number. as & 
Much of the previous work in this area has been concerned with visual search pue 
highly practised skill, studying a small number of subjects extensively until br Pim 
formance is optimal (cf. Neisser, 19644). Neisser (1963) has also been concerne cach 
varying the structural properties of the stimulus material (e.g. number of letter in t 


: S ‘ ied out 
item, shape of the target letter, etc.). Finally, introductory work has been carried P d 


more systematic study of this nature that the present experiments are concerne ich i5 
Neisser (19645) observed that it takes longer to search for and find a word W^, 
defined by its class membership (e.g. any animal's name) than it does to look for a EN Hc 
word. The main purpose of the present study was to investigate the effect of pem 
variables at a somewhat more fundamental level. A target was defined as either sense 
one meaningful word embedded in a context of nonsense words, or (b) the one noD om 
word embedded in a context of meaningful words. Meaningful words were taken 28) 
the Thorndike-Lorge Teachers’ Wordbook (1944) and nonsense words from Glaze's (ale 
lists. This material had the advantage that word frequency and nonsense sy’ 
association value could be systematically varied. «git he 
In a search task with this type of material, the simplest way of conceptualizing dis- 
processes involved is to assume (a) that each context word must be appraised an ally: 
carded, and (b) that each target word must be appraised and retained. More specific its 
it was thought that the greater the semantic disparity between a target word am ord 
En the easier would be the search task. Thus, in'general, high frequency rgets 
g EW) targets should be detected more quickly than low frequency word (LFW) Es nov“ 
-urtüer, search performance should be relatively better with low association valu 1lable 
Sense syllable (LANS) contexts than with high association value nonsense SY 
Ins) contexts. and 
onversely, a LANS target should be easier to detect than a HANS target 2 
db ud be relatively better with HFW contexts than with LFW contexts 
Med d pe HO subjects either had to search for a meaningful wor items 
E > xt ( "xperiment 1), or a nonsense word in a context of meaningfu Lid o 
(Experiment 2). Within each experiment, two levels of word frequency and two leve 
nonsense syllable association value were varied factorially. 
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2 


Concerning tl 
: he structural properties sti i 
eere 1s Enc properties of stimulus material, Neisse 
eH eris to pick out the one item in a series which pice urn M deed 
dis dp cea out the one item which did not contain a Saarinen idis 
S y, an attempt was made to ascertain whe UE SU wosd 
E EE 1 1 as ain whether or not this type i 
ee d Le eio rather than structural ones. AYhough it ds pues ee 
"ther a subject is searching for an item which is uni ii ssessi mingful" 
ee a g n ich is unique in possessing "meaningful" 
A r he is merely looking for the it vhich is '* n v 
d eth j rely looking for e item which is "not nonsense," it w 
ees e these strategies might be influenced by experimental instructions o 
a ig E (1903) findings, it was expected that instructions designed pe ad 
a m not possessing some attribute (hereafter “ ive d i 
doe 0 i a e (hereafter “negative in E "s 
lead to longer response times than those designed to indui: "eta pug 


possessing some i *positive i 
ena lat attribute (hereafter “positive instructions"). Therefore, within eact 
, half the subjects were given positive instructions and half negative Bs 


MES s ME 
Experimental design — 
Experiment 1, A 2 1 i 

. A2 x 2 X 2 factorial de 
and LFW targets, HANS and LANS contexts, 


Two 
The & and two women were tested under each condition. 
ask of each subject was to search through seven lists, each of which contained 


a target wor ; 5 
arget word and nine context syllables. The order of presentation of the lists was 


aE arid for each subject. 
wu [dude 2. The design of Experimen 
dr a that the targets were now 


sign was used. The main factors were HFW 
and positive and negative instructions. 


t 2 was the same as that of Experiment 1, 
HANSs or LANSs, and the contexts HF Ws 


Stimulus materials 


Peet stimulus item was of t 
and LIY Dist and Lorge as appearin| 
rds Vs as appearing less than 10 tim 
Nuus wre excluded). HANSs had 100 per cent. 
orenen value (Glaze, 1928). 
of ieee stimulus list was made up of nine context items randonly selected from one 
to BER pye pools, and one target word similarly assigned. In the set of lists appropriate 
tions experimental condition, positions 1-3 remained unused for target words, and posi- 
appe 4-10 were used once each. All lists were typed in black capitals (Elite). They 
peared in a double-spaced vertical column in the centre of white cards measuring 


in. by 4 in. 


he form consonant-vowel-consonant. The HFWs were 
g over 100 times per million in written English, 


es per million (proper nouns and non-English 
association value, and LANSs o per cent. 


ge 18 to 36, 


Subjects 
f experiment 


am du each experiment, 16 male an 
Pus lan 20) served as subjects. They were all n 
hd were randomly allotted to the various ex 


d 16 female undergraduates (age ran 
aive with respect to this kind o 
perimental treatments. 


Apparatus 


[n The apparatus was 
1954, 1962). Briefly, 
Tie stimulus lists coul 
and Woronsh an aperture at 
im: he list became visible. r 

mediately cut off the illumination 


ect-controlled tachistoscope described fully by Naylor 
a light-proof box approximately 3 it. in length. 
end of the box, and the subject could view 
the other end. When he depressed a key a timer started 
The releasing of the key after detection of the target item 
and stopped the timer. 


a subj 
it consisted of 
d be inserted at one 


the apparatus and were instructed 
ure of the task was explained to them. 
told that "nine of the 1o items in each list will be 
ment 2 were told that "nine of the 10 items in 
subjects in Experiment 1 Were then told 


Procedure 


The subjects were s 
its operation. The general nat 
nop Ubjects in Experiment 1 were l 
SE words,” whilst those In Experit 
t list will be meaningful words.” Half the subject 3 T e 
O pick out the word which is i ” (positive instructions) and half “to pick out 
negative instructions). Half the subjects in 


th ” 
Ry Word which is not a nonsense word" ( nstru s ts 
“Xperiment 2 were told “to pick out the word which is a nonsense word" (positive 

t the word which is not meaningful" (negative 


Ms : 
instructions) and half "to pick ou 
Tuctions). 


eated comfortably in front of 


in 
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Subjects were instructed to scan each list from the top, downwards, as quickly and 
accurately as possible. On detection of the target word, they were required to release 
their key and then spell out the word, letter by letter. F 

After familiarizing them with the apparatus, seven lists were presented to each subject 
with inter-presentation intervals of approximately 20 sec. No knowledge of results was 
allowed. The basic measure taken was the search time for cach list. Errors of omission 
and commission were noted. 


RESULTS AND ANALYSIS 


The measure employed in the analysis was mean time per item for each subject. 
This was calculated by (a) discarding all trials on which errors were made (errors be 
few, unrepresentatively long and tended to occur in the more difficult conditions) a 
(b) summing the time for all other trials and dividing this total by the total Sugai 
items which had to be scanned in order to detect the correctly reported targets. that 
was based on the assumption that the subjects had obeyed the instructions, 1.¢. eet 
they had scanned cach list from the top downwards (subjects did, in fact, take long 
to find a critical item when it appeared lower in the list). 


x ` A 
Experiment 1 


Table I shows the mean time per item under cach experimental condition. A summery 
of an analysis of variance of this data is shown in Table Il. It is evident that bot et 
main effects of target word and context were highly significant, i.e. it was easier to meray: 
a HFW target than a LFW, and detection performance was facilitated when the SOn ecl 
items were LANSs rather than HANSs. There was also a significant interaction bey et 
the type of target word and the type of instructions, i.e. the detection of a HFW taie 
was facilitated with negative instructions and detection of a LFW target with pos! 
instructions. 


TABLE I | 
MEAN TIME PER ITEM (sec.) 
EXPERIMENT I 


Context HANS LANS | 
Target HFW LFW HFW LFW 
— 4 
Instructions— 
Positive .. "m 0:82 0:78 0:59 0:65 
Negative .. vi 0:62 o-88 0:40 0:77 


n ——— E eee 


TABLE II 
SUMMARY OF ANALYSIS OF VARIANCE 
EXPERIMENT I 


Source 
iret (T) 0:218 1 0:218 8-72 a 
ntext (C). 0225 z 0:228 9:12 eO 
Instructions (1) o-015 1 O-O15 [ee 5 
[9 x i & i 0-183 1 0:183 T3? — 
TG ` 0:0003 I 0-0003 =a e 
ais 0-021 1 0-021 ss = 
nee - P oU s Bose - - 
Total = ríe a Es = E 
M MEME S E 9 
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Experiment 2 
A summary of means and i i 
Tables f means anc analysis corresponding to Ex| eriment I i i 
Los o eed and IV for Experiment 2. _Again, both the P ain effects of dere id 
aeu. ke significant, i.e. it was easier to detect a LANS target than a HANS t "e 
is process was facilitated when the context was made up of HFWs rather than Irie 


TABLE III 
MEAN TIME PER ITEM (sec.) 
EXPERIMENT 2 


Context HFW LFW 
Target HANS LANS HANS LANS 
T mde 
ositive 0°63 5 
V zu T 3 59 I19 o8 
TABLE IV 


SUMMARY OF ANALYSIS OF VARIANCE 


EXPERIMENT 2 
Source ga. d.f. M.S. F P 
Ta Oe n J mere RET 
pue e a d 0:500 1 0:500 10417 «001 
Tee (C) .. ; 0:788 1 0:788 16:417 <0-001 
T i aum (1) rid 0:008 1 0:008 — — 
C e vs su 0-029 1 0:029 — — 
T A Jj d e T 0:063 I 0:063 — = 
T e Me is 0:047 1 0:047 — ES 
EU xc .. RA 0:043 I 0043 — — 
m mE oe 1:140 2 0'0. ipm c 
Total +: s 2618 = = — (s 
DISCUSSION 


edictions concerning the 
were verified. The 


can be seen that the pr 
was easier to 


a the results and anal 1 
d cts of the semantic dispari t and its context : 
ES tection of a HFW target was easier a LFW target, and it 
Lane through a context of LANSs than HANSS. Conversely, it wa 
S target than a HANS target, a d with a HFW context 
as opposed to a LFW. context. Thus the two conditions 1n which the semantic disparity 
eee a target and its contex e; whereas 
he two conditions in which semantic disparity was least, proved to be the most difficult. 
The second main prediction—that posi would lead to better search 
Performance than negative i jons—was not supported by the results of either 
wiperiment. However, instructions [ ing some influence on perfor- 
inco as the data from Experimen a significant interac 
Nstruction and target word frequency. Thus, if one 1S instructed to 
it makes little difference whether this word is of high or low frequency. 
ord" the task is made 


ysis it 
ty between à targe 


ot a nonsense W 


Meaningful word" 
eit. if one has to "pick out the word which js n 
Sier if the word is of high frequency. i 
f this interaction lies in the fact that there 1s structural 
nse syllables. If a 


gful words and nonse 


One possible interpretation © 
e it is conceivab! 


as A > 
well as semantic disparity between meanin 


E 2 en 
ubject has to pick out the word which is not nonsens le that his decision 
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to respond to the target is based on his testing of the word against his concept of a eee 
sense" word (which has been built up during the course of the experiment) As a uer 
is structurally more dissimilar from “nonsense” words than a LFW it might be expectec 
that in this case the testing process is completed more rapidly. ps 

In a similar way the absence of any effect of instructions in Experiment 2 can Ble 
accounted for as follows. Since subjects are basically unfamiliar with nonsense sylla s 
targets their concept of these is nece rily formed throughout the experiment. ur 
whether the label attached to them by the experimenter is nonsense" or “not meaningfu 
the task from the subject's point of view remains essentially the same. less 

It is realized that this interpretation is somewhat ad hoc in nature and that doubt es: 
there are others possible, However, itis clear that whena given target item is distinguishe?. 
from its context in terms of meaning, the visual search process depends in some Ws 
on the type of instruction given. 
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THE EFFECT OF SET ON THE TWO-POINT TACTUAL 
THRESHOLD 


BY 
ANIMA SEN 
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uence of set on the two-point tactual threshold. 
was determined along the mid-longitudinal line 
he right forearms of seven university students. 
e both up and down from each of the critical 
Stimuli. Each of these test-stimuli was presented separately, the critical stimulus being 
interpolated 30 times in each test of the series. The proportions of two-point and one- 
point responses to the critical stimulus were then determined again in a control series. 
It was found that, as the test-stimulus deviated in the positive direction from the critical 
Stimulus, the proportion of two-point responses to the critical stimulus increased, reached 
à maximum and then began to decline. A similar rise and fall in one-point responses 
Thee found in the opposite direction. The results were explained by Adaptation Level 
eory. 


This experiment studies the infl 
The two-point limen (critical stimulus) 
of both volar and dorsal surfaces of t 
Test-stimuli were selected at 3 mm. steps 


INTRODUCTION 

The influence of set derived from previous and contemporaneous experiences has been 
demonstrated in different fields of psychology by many investigators. Numerous studies 
(Gibson, 1929; Zangwill, 1937; Tresselt and Spragg, 1941; Bartlett, 1954; and others) 
indicate that the frequency and type of response to a particular stimulus may be markedly 


altered by tl immediate aspect of a situation. Sequential dependencies 
Roni eie cles PIE task also were demonstrated by Bruner 


on performance in a serial two-choice respor ated by 
and Wechsler (1958) and Bertelson CUM "The effect of set, or some predisposition, upon 
psychophysical data is also of great psychological interest. Cheesman and ME (1953) 
Carried out an experiment indicating that the threshold for an olfactory a us was 
raised under the conditions of adaptation to a masking stimulus. Howarth and Treisman 
(1958, 1959) found that the auditory threshold was significantly lowered by a Simultaneons 
visual stimulus which was itself well above threshold. It was shown by Dixon (1958) 
and Dixon and Haider (1961) that the visual thresholds for one eye varied as a pep 
of the subliminal stimulation applied to the other. Helson (1959) reported t pas 
experience’ influenced the succeeding judgements of lifted weights. But no re ence 
could be found in the literature to any work on the influence of set or some 2 pee 
disposition in tactual perception, on two-point | threshold in p i ar 
interaction of time and space in cutaneous perception was determined: ey de Bee ee 
Though the neurological mechanisms underlying two-point tact ue cea a chat 
cannot be exactly specified, very recently Zangwill and Gomulicki (1965) a able EEE 
there is a correspondence between the cutaneous sensitivity as pau d totos Ed 
of the two-point threshold, of a given body area, and the extent of! pres 
the sensory cortex. They have found a striking resem i a 
tee Komnncnli and tiu 6 xd Piatra ze “two-point limen were 
numerical data. But the role of some non Pe by Griesbach 


al r—by Volk | 
also demonstrated last century xn pere] by Boring, 1942). It was considered that 


in 1895, and by Vannod in 1896 ( 1 : 
the role of set d tactile perception of two-point threshold s be si 
The aim of the present investigation was thus to determine 


an experi ituation by the repeated presentation of two aes 
Separated by re To greater or smaller than the two-point threshold, upon the 


VO-Doint tactual threshold. 
EXPERIMENTAL METHOD 
nts in ps chology—five men and two women, aged 
res perd with dun other subjects were discontinued when 
k of interest was making them careless. The subjects 
ts of long duration. The purpose of the present 


o them. 


Subjects. Seven advan 1 
R] acted as subjects. Exper 
ib. became apparent that their lac 
aad had experience of experimen 
Investigation was not, of course, revealed t 
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Materials. (1) A Jastrow's two-point aesthesiometer; (2) a hand rest, and (3) a 
Screen with a semi-circular aperture in the middle of the lower edge for passing the hand- 
rest through. 


Procedure. The two-point limen (termed critical stimulus) was determined for each 
subject, by the method of limits, along the mid-longitudinal line of both volar and dorsal 
surfaces of the right forearm, half way down. The proportions of two-point and one-point 
responses to the critical stimulus thus determined was round about 50-50. For each 
subject, in each position, a range of stimuli (termed test-stimuli) was now selected on 
each side of the threshold, in 3mm. steps, both up and down. In the effect-of-set 
situation each one of these test-stimuli was tested in a separate session; it was presented 
go times with the critical stimulus interpolated after every three consecutive presenta; 
tions. Each time the subject was instructed to give his judgement by “two-point 
when he felt two, and by “one-point” when he felt one. “Catch test” was E 
occasionally in order to ensure the subject's attentiveness. The possibility of a ar 
expectancy had been excluded in a pilot investigation by the author (Chakraborty, 19 Sts 
The same procedure was followed with each test series. The required number of tes 
series in the upper and lower stimulus ranges, for both volar and dorsal surfaces, vane 
for each subject. The experiment was carried on s stematically with progressive Y 
increasing test-stimuli (in the upper range) or progres ively decreasing test-stimuli © 
the lower range) for each subject as far as the test-series in which 85 per cent. or m: 
of the responses to the critical stimulus were one-point ones (in the upper range) al 
two-point ones (in the lower range). In each session the selection of volar or dor 
surface was made by random assignment. Finally, there was a similar session for TAS 
and dorsal surfaces separately, in which, instead of a single stimulus value, all of ETE 
stimuli were presented, in random order, so that the proportions of two-point d 
point responses to the critical stimulus could be re-determined without any effect O this 
The percentages of two-point and one-point responses to the critical stimuli found in Sng 
control series were not always exactly the same values as determined by the limi 
method; but the differences were statistically insignificant. y Each 

A session lasted about an hour, with brief rest-pauses after every 15 min. 


A $ z 3 > -12 
subject had only one session in a day, and from 34-40 sessions in all, spread over 8 
weeks. 


ANALYSIS OF DATA AND RESULTS 


iven 
The two-point limens of all the subjects for both volar and dorsal surfaces are oil 
in Table I along with their percentages of two-point responses in the respective E 
series and in different test-series. The sequences of test-stimuli results have test- 
centred at o (the critical stimulus) for each subject and the increase and decrease in wo 
stimulus values from the critical stimulus have been expressed in units of 3 mm. wn 
average curves for the results of volar and dorsal surfaces of all the subjects are pe 
in Figure 1. In drawing the average curves, the percentages of peak two-P ge 
responses (in the upper range) and those of lowest two-point responses (in the lower es os 
together with the percentages of two-point responses in the starting and end test-se 
were made to coincide for all the subjects. ]ts 
. Though the required number of test-series was different for each subject, the res a 
in the table clearly show, at both test-sites in all subjects, the same systematic rise g 
fall in the percentage of two-point (in the upper range) or one-point (in the lower rant i 
responses to the critical stimulus. In every case, the difference between the proporti in 
of two-point responses to the critical stimulus in each test-series and the proportion al 
the corresponding control series was separately tested by the /-test for statistic 
Significance and the significantly increased or decreased percentages are shown E 
asterisks in the table. In the upper ranges of stimuli, the proportion of two-point 7 for 
EUR Ts the critical stimulus increased in consecutive test-series, step by step tion 
E Eu ki me reach a peak that was statistically highly significant (with the excep a 
Aa neia dorsal and subject D, volar). This marked rise in two-point prope he 
continued Po creade in imo s by a steady decline, which was paradoxical in view Pihere 
WEE EE S ES distance between the stimulating points. In this decline t for 
different subjects) ma erent range,” in which, for several stimulus steps (differen E 
iat inne ione e two-point proportion was not significantly higher or lower t n 
menetione eit uon Then, with still greater stimulus-distances, the two-po 1 
prop: ar below the Proportion in the control series, the differences being high y 
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FIGURE r 


o—o Average curve for volar side 
T 9-—-e Average curve for dorsal side 


Percentage of two-point response to the critical stimulus 


Test-stimuli as deviated from critical stimulus centred at origin 


Two average curves for Volar and Dorsal sides. 


ge of 


significant statistically. Although the number of test-series in every lower ran ce of 


stimuli was smaller than that in the corresponding upper range, a comparable sequen 
fall and rise in two-point responses was observed. j bject, 
Though the two-point thresholds differed from site to site and subject to su 2n 
the two average curves show the same trend which was observed in individual ca: oint 
the rise and fall (in the upper range) and fall and rise (in the lower range) in two-P 
responses. 
Discussion 


e 
_ The discrepancies between the subjects’ responses in different test-series, and er 
in the respective control series, clearly showed that the subjects developed a set OT Pa 
disposition to a two-point response (in the upper ranges) or a one-point response in id 
lower ranges) to the critical stimulus. If there were no set, the numbers of two-P ac! 
(or one-point) responses to the critical stimuli in different test-series would closely appro the 
those in the respective control series. When, without the subject's knowledge; ncy 
critical stimulus was applied to him at every fourth presentation, he displayed a tende 
from his usual expectation to respond to the higher (or lower) test-stimulus. The resu es 
showed that as the test-stimulus became greater the proportion of two-point respons é 
to the critical stimulus rose to a peak then fell, through a neutral or indifferent rang Es 
to 15 per cent. or lower. Similarly, in the lower ranges, as the test-stimulus becari 
progressively smaller, the proportion of one-point responses rose to a peak and then fell, 
through an indifferent stage, to less than 15 per cent. The results thus showed that the 
set operated within an optimal range, and after that it had no effect for several stimulus- 
Steps, and then it exerted its influence in the opposite direction. The present resul 


~, 
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had a feature i i 
a fea e in common with the results obtained by 
pao Egi a masking stimulus raised the olfactory eed ipe o (1953) who 
shift from a positive to a negative effect of s S i 3 icali sac 
test-stimulus was pri i inc ect of set observed in the present study. 
s was progressively increased (in the upper Puy e 
ings), Hanttas ok bin ely pper range) or decreased (in the low 
I , E arvik's (1951) report of a change fr E sitiv ne 
reinforcement ia e prstatitity a ) rep ge from a positive to a negative 
tà ORE results can be explained by the theory of Adaptation Level (Helson, 1947 
s pee n apphcabi iy: The notion of Adaptation Level has not been a 
een = Eom s adapton to some constant stimulation resulting in greatly 
i apacity for response. The concept of AL has also bi : 3 in 
Esp Bery f : he 4 a een extended to ex 
vm eek p M i past experience, expectancy levels, etc. An AL is present ae 
stimulation, changing in time and with varyi iti i 
d 1 : ging in le à arying conditions of st i 
zd itisa function of all the stimuli acting upon the organism at any > on ee 
as in the past. For every excitation-response configuration there is ie 


abil which represents the pooled effect of all the stimuli and to this the organism is 
said to be adapted or attuned. Stimuli near this value bring forth some neutral responses. 
uned to the test-stimulus of difierent 


oe present experiment also, the subjects were att 
e series before responding to the critical stimulus. But when the test stimulus was 
earer to the critical stimulus, it could not exert its influence on the response to the 

the latter became "neutral," ie. the 


Un stimulus and the nature of responses to 
percentages of two-point response did not differ significantly from those in the control 
es. But as the test-stimuli increasingly deviated from the critical stimulus on both 


ee exerted positive influence on the response to the critical stimulus. The test- 
SETER Ee upper ranges brought mostly two-point responses to the critical stimulus. 
E y, the smaller stimuli of the lower range established negative gradients bringing 
e y. one-point responses to the same. This positive enhancement in two-point or 
me-point responses continued for some time as the subjects developed a set at a given 
level (in the test series of upper or lower range) from previous stimulations. The result 


showed clearly that the two-point responses to the critical stimulus increased step by 
step for a few steps in the upper rn Similarly, one-point responses 


: ange test-stimuli. 3 
increased in the lower range test-stimuli through a comparatively jess number of stimulus 
steps. But the set operate timal range and again a neutral 


= d its influence within some op 
ange appeared after which the negative in The negative 


f fluence of set became apparent. 
effect of set can also be explained by the negative effects in AL theory. Whena stimulus 
is far above the stimulus range, the AL is raise! 


ae d so high that it sensitizes to negative 
qualities while the opposite is the case with a stimulus far below the range. Inthe present 
experiment also it is seen that when a test-stimulus was far above the critical stimulus, 
the majority of the responses to the latter was of negative kind, i.e. one-point ones. 
Similarly, a test-stimulus far below the critical stimulus brought mostly two-point 
responses to the latter. f y 
Thus the present study showed that the percentages of two-point Or one-point 
response to a. two-point threshold stimulus are greatly altered by the set developed from 
the previous higher or lower stimulations. So the response to the two-point threshold 
stimulus is not always an absolute judgement. A "frame of reference or background 
ture of the response to the threshold stimulus. The value of 
d subject to subject and the sequences 


may markedly alter the na 1 

iuquit thresholds differed from site to site an ea en AA ripe 
ot appeara f peak and lov rest two-point res onses together w! urning-poin 
Vg phd eqs ^ v 4 It would be interesting to establish 


showing the negative effect were also different. 1 
mathematically à relationship between the size of the two-point threshold and the 
optimum range showing the effect of set using different body parts, and, if possible, with 


more subjects. 


This research was carried out in the Psychology Department of Calcutta University 
under the guidance of Prof. K. C. Mookerjee in partial fulfilment of the requirements 
for the degree of D.Phil. I am very grateful to Dr. A. M. Clarke, Prof. A. D. B. Clarke, 
Dr. G. H. Wright and Mr. A. K. Sen, for their criticisms and many helpful suggestions. 
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*ADAPTATION AND REPULSION IN THE FIGURAL 
AFTER-EFFECT? AND THE PSYCHOPHYSICAL THEORY 


BY 


M. M. TAYLOR 
From Defence Research Medical Laboratories, Toronto, Ontario 


Data recently presented by Wilson (1965) seem to demonstrate the se 1 

si adaptation and of after-effect repulsion during and following lode peel is 
a pee line. Inasmuch as the experiment was performed without apparent reference 
gt e psychophysical theory of figural after-effects (Taylor, 1962), it is interesting to 
ao e that the results on adaptation agree qualitatively with one of the major pre- 
suppositions of the theory, and the results on repulsion agree quantitatively ugs 


predictions. 
NEUTRALIZATION AND DISPLACEMENT 
ons of the psychophysical theory of figural after-effects 


re phempit are at least two separable phenomena, “neutralization and displacement. 
ects are phenomenologically very similar, and often have been considered 
the same. Neutralization may be described as a regression of the percept towards a 
norm’ with continued inspection of a constant stimulus. Displacement is a shift of 
a percept toward or away from another percept when compared to the percept produced 
by the same stimulus in isolation. Both neutralization and displacement may involve 
changes in any perceptual dimension. Neither is restricted to geometric location, though 
most studies of figural after-effects have used geometric location as a criterion variable" 
(Taylor, 1962, p. 248). The quantitative part of the theory dealt only with the 
displacement effect, considering the neutralization (Wilson's (1965) and Gibson's (1933) 
adaptation") to be an independent and unrelated effect. . . 
Wilson (1965) has demonstrated that for curvilinearity both adaptation (neutralization) 
and repulsion (displacement) take place with essentially continuous passive observation 
of a curved inspection line. Lines of curvature i 
line are seen as less curved after than before inspection, but a 
displacement such that the reduction in curvature is greater for line: 
inspection line and less for lines more curved than the inspection. 
accord with the presuppositions of the psychophysical theory, a 
mental results for the after-effect of seen motion (Carlson, 1962; Rapoport, 1964; 
Taylor, 1963a, 19630). , 
It was argued in Taylor's papers, and by Taylor and Ross (1964) that the motion 
ural aíter-effects. Wilson's results support that 
he separate adaptation and repulsion phenomena. If the 
ly members of is larger class i-o 
after-e retation of adaptation and repu sion as derive 
from Mee Te a hanis js rect. Particular differences between adaptation 
and repulsion in the motion after-effect include the time-scale (the after-effect reaches its 
maximum magnitude within 1 min. of inspection, whereas the neutralization shows no 
Signs of reaching any asymptote within 10 min.), and the effect of varying inspection 
Speed (neutralization is in proportion faster the slower the inspection speed, while the 
after-effect is greatest at a medium speed, decreasing at faster and slower inspection 


Speeds). 


One of the major presuppositi 


DISPLACEMENT 

= Wilson’s results. 
One the psycho thus supported by 

From Pier. emake nn a4 equation was derived from the theory (Taylor, 1962, 

P. 265). Thi ation related the amount of after-effect to the difference between 

i ’ ag equ d to variations in the observer's 


inspection and test figures on some measurement scale, ani 
The equation 15: 


acuity for differences on that scale. E 
nM/R  ,-t/(b v1) 


= = 
E = + (kM/d)* 
effect, M the separati 


QUANTITATIVE PREDICTION OF 
hysical theory is 


on on the same scale between inspection 


v i 
where E is the measured after- 
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and test figures, d the jnd for variations on the same scale at the position of the test 
figure, R the ratio of jnds for the test and the inspection figures, t the time since i 
end of the inspection period, and | the length of the inspection period. The ot id 
symbols, h, k, and b are fitting parameters. The parameter b affects only the time PE 
of the decay, and not the shape of the distance paradox function. To fit a aistn A 
paradox function, the exponential part of the expression takes some constant value Ts 
than unity. In a particular experiment, the value may be guessed by analogy with resu 
in other experiments. , stant 
To attempt a fit to Wilson's results (his Fig. 4), the value of the decay time consu z 
was taken as 8:3 sec. This value was chosen as representative of the values displaye bas 
Taylor (1962, Fig. 2) for analogous studies with 15 sec. inspection period. With a a 
of 4 sec. between the end of the inspection period and the start of the test paoa ihe 
after-effect would be expected to decay to 0-62 of its original value. By the end e 
test period, 1 sec. later, it should have decayed to 0:57 of its original value. aea 
figures are probably underestimates of the measured after-effect, and overestima aa | 
the decay, because the technique of repeated measurement seems conducive to carry dme 
from one inspection period to the next, with a consequent increase in the Hea, half 
constant. (Wilson tested for an increase in the after-effect by comparing the firs vl 
with the second half of the run. This test would not be expected to detect the carry A 
of the effect, which should be near asymptote by about the third response.) -dingly: 
In the fit of the equation to Wilson's data, the value of d is unknown. recat 
(k/d) was treated as a single parameter, and in the absence of contrary inten value. 
was assumed to be unity. The decay was assumed to be to 0-60 of the md e 
The fit obtained was computed with parameter values h — 0:226, k/d — iA 
previous applications of the equation to experiments of this type (Taylor, 1962, t value 
h has usually been found to be about o:2, in reasonable agreement with the ere that 
ofo:226. k has ordinarily been found to be 0-03, which with the present fit imp Wilson, 
d, the jnd for curvilinearity, is o-45 mm. In the 19 cm. length of curve used by nethod 
this value seems of the right order of magnitude, especially since Wilson using the motua 
of constants selected as stimuli six comparison lines differing by 0°24 mm. TRA E (not 
value of d could be computed, given the 25 per cent. and 75 per cent, poin 
published) on Wilson's probit lines. 


FIGURE r 
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e Wilson (1965) Experiment 
— Taylor (1962) Theory 
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Inspection curvature—mm the 
,  After-effect curvature of a straight test line as a function of the curvature E 62) 
inspection line. Data from Wilson (1965), curve from equation given by Taylor a2 
Parameter values: (b.e. 


7v) = 0-136; (k/d) = 0-067. 


In Figure r are shown Wilson's 
left and right curvature, together w 
of figural after-effects. 


z for 
experimental points from his Figure 4, combined | 
ith the curve derived from the psychophysical fit is 
The scatter of points about the curve suggests that the 
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within the experimental error. As well as can be shown from the data Wilson presents, 
the two parameter values needed for the fit agree with those used to fit the same equation 
to results of other experiments (Taylor, 1962, 1963c). 

Wilson’s results both for adaptation and for repulsion appear t 
psychophysical theory of figural after-effects. 

This is Defence Research Medical Laboratories Research Paper No. 611. 


o give support to the 
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COMMENTS ON DR. M. M. TAYLOR'S NOTE 


BY 


J. WILSON 
From the Department of Psychology, University of Bristol 


Taylor's psychophysical theory "attempts to explain only the displacement effect 
(Taylor, 1962), and therefore has no more relevance to the relation between adaptation 
and repulsion, which was the subject of my paper, than the other repulsion (displacement) 
theories which I used as examples. However, Taylor's theory differs from the other 
repulsion theories in providing a connection between the figural after-effect and changes 
in discriminability. In this respect it has had some success with a variety of experimenta 


situations, and it is gratifying to learn that when applied to one of my experiments it 


However, Taylor claims stronger support from my data than is justified. First, he 


My experiments, among others, show that both repulsion and adaptation play à par E 
the figural after-effect, and that a gradation of situations exists: between those sit 
in which repulsion predominates and those in which adaptation predominates ther 


a full range of intermediate situations. My experiments do not show that adaptation 2 T 
In an} 


s. 
way affect my argument that adaptation and repulsion may be due to the same mechanism 
To show that this argument is erroneous, Taylor cites a difference in time-scale be 1 this 
adaptation and repulsion in motion after-effects; but the necessity for a difference Ot © i 
kind is an essential part of my argument and is explicitly stated in my paper (see Popin 
last paragraph). Moreover, it is clear that such differences in time-scale exist even wi 
repulsion effects only, since it is possible to change the rate of decay of an after- oint 
by merely changing the inspection time. It is difficult to understand Taylor S Pame 


" jth the 
Taylor's second claim is that my results on repulsion agree quantitatively with ich 


an experiment in which therefore some part of the after-effect is due to deep Jine? 
e 


the magnitude of the after-effect would have been smaller by about a third (as pron 
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* Taylor’s term displ ; " Pe a ulsio?: 
but f isplacement is not identical in meaning with my term reP 
ut "or present purposes I have followed him in identifying ibam. 
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A NOTE ON DAVIS'S REFUTATION OF THE 
EXPECTANCY HYPOTHESIS 


BY 


JOHN ANNETT 
From The Department of Psychology, The University, Hull 


E Davis (1965) presents an experimental situation designed to distinguish between the 
SHCOBIUSHGN hypothesis and the expectancy hypothesis in accounting for abnormally 
ong reaction times when the interval between the stimulus and a prior warning signal is 
very short. He argues that if refractoriness is due to central processing of the first 
stimulus, or warning signal, there should be no delays to reaction time if this first stimulus 
is eliminated. To provide a fair test of the expectancy hypothesis itis necessary to have 
an event specifying the beginning of the waiting period and Davis attempts to meet this 
condition by having the waiting period begin, not with an externally applied stimulus 
but with a key-pressing response spontaneously emitted by the subject himself. Then... 

If the distribution of intervals is kept exactly the same as in the more usual situation 
where two signals are represented, any difference in the pattern of the reaction time 
between the two situations must be attributed to the effect of the event which commences 
the interval rather than the distribution of intervals used.” 
_ Davis's data show no refractory effect for the spontaneous response situation thus 
implying support for the intermittency hypothesis. The argument on which his test is 


based is, however, open to question. The difficulty lies in the acceptance of the subject's 
aiting period. Experimentally 


response as the event defining the beginning of the w 

it is only possible to specify the precise time at which the contacts on the subject's key 
are closed. This is a physical event and not an event in the subject’s nervous system— 
indeed we can only guess at the prior chain of events inside the subject and we certainly 
cannot define their beginning with any degree of precision. Moreover we must be sure 
that the event taken by the experimenter to mark the beginning of the waiting period 
(the closing of the key contacts) is the same as that taken by the subject. One must 
eliminate any stimulus event (a click or a sudden change 
key, otherwise he would have had 


iod which, it would seem, must be 


in the key resistance) associated w 
1 from the 


a stimulus marking the beginning 
specifically excluded to test this hypothesis. Having 
subject the event defined by the experimenter 

how can we know that this coincides with the subject's definition of the beginning of the 
waiting period ? Indeed, one might ask how can the subject himself know under these 


circumstances ? 

Thus whether or not the purely effevent aspects of a an k ; 
capable of marking, for the subject, the commencement of a waiting period we are still 
left with the problem that the experimenter may not be able to know when this event 
occurs, or more precisely, what its relationship is with the closing of the response switch. 

ponse the experimenter might 


If the subject i aded to make a rapid tonic res 
(eic is ghly constant time between the efferent 


reasonably assume that there is a short and rou h ‘ 
Sel beatae t would be virtually impossible 


activity and the closing of theswitch. Butin thissituation i 
roprioceptive stimuli. A slower controlled response on the other 


to avoid accompanying P. v s 
hand, whilst providing no clearly differentiated stimulus event, also leaves the response 
event vaguely defined. Since we are dealing with intervals of 50 to 500 millisec. very 
little time uncertainty can be tolerated if the expectancy theory 15 to be given a fair test. 
'The matter of eliminating any stimulus event is, therefore, much more diffcult than 
Davis would have us believe. : L 

Thus we have a dilemma. If there is no specifiable event (either externally induced 
or feedback from a responso) coinciding with the experimenter's definition of the beginning 
of the waiting period, expectancy theory has no case to answer. The subject is presumed 
to be performing under simple Reaction Time conditions without a specified warning 
period. Tf, on the other hand, there is a stimulus associated with the subj ect’s spontaneous 
response, even if only proprioceptive, the intermittency theorist must explain why this 
stimulus does not cause refractoriness whilst a light flash or buzz does. 


response can be taken as an event 
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The dilemma seems almost inescapable but a possible way out would be to assume 
that a stimulus arising immediately from a spontaneous response is so redundant that it 
does not occupy the central channel and thus causes no refractorines In this case 
there should be no difference between a silent and a noisy response key for a highly 
practised subject. Whatever the respective merits of the intermittency and expectancy 
theories Davis's experiment, as it stands, does not distinguish between them. 
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A REPLY TO DR. JOHN ANNETT 


BY 


R. DAVIS 
From the Department of Psychology, The University of Reading 


, us “onal in 
al uncertainty of the critical signal, 
not only in 


If the argument is about specifying the tempc 
relation to some neural event, then the difficulties Annett mentions arise "Thus. 
spontaneous response situation, but also in all other situations previously used. be | 
in the comparison experiment where two signals were presented in sequence and a repo he 
required to the second critical signal, there would be a similar problem of identifying © 


x Si ; E : : ^xentlv no 
neural event” corresponding to the first signal. However, this has apparently Ewe 
troubled those who have sought to explain delays in responding to the secon S 

signals in terms of expectancy. and the 


It is true that there would be a difference between the two-signal situation the 
spontaneous response situation if the time to the critical signal were measured {ro m 
hypothetical neural event rather than from the moment of occurrence of the firs SE 
or the moment of occurrence of the spontaneous response. In the two-signal situa ral 
the neural event would occur after the first signal so that the time from it to the ct ous 
signal would be shorter than the measured time between signals. In the spontaneo 
response case the neural event would occur before the spontaneous response SO the 
time from it to the critical signal would be /onger than the measured interva 
experiment. Karlin (1965) has made a rather similar point in his comments. heory- 

However, the consequences of this are not at all in favour of an expectancy tang? 
The effects of temporal uncertainty are known to increase with an increase in the f: ora 
of intervals used and, therefore, there should be a greater effect due to temp se 
uncertainty in the situation with the longer range of intervals (the spontaneous, Xe SP ion) 
situation) than in the situation with the shorter range of intervals (the two-signal situa! use 

The results were in precisely the opposite direction. Hence the attempt to make re 
of a hypothetical neural event as the point from which intervals should be measu 
seems to me to make the expectancy case even less plausible. 


ls in 7! 
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BOOK REVIEWS 


4 Selection of Papers, Essays and Other Writings by Kenneth 
ambridge University 


J. W. Craik. Edited by Stephen L. Sherwood. London: C: 


Press. 1966. Pp. XX + 184. 305. 
rial from the unfinishec 


The Nature of Psychology 


To sort, select and publish mate 1 writings of Kenneth Craik is 
an editorial task well worth doing and in this instance well done. K. J. W. Craik, as 
almost all the readers of this J ournal will know, was à psychologist of great promise who 
died in a motor accident in 1945 at the age of 31. A classics scholar who read philosophy 
under Kemp Smith at Edinburgh, Craik was a natural experimentalist and mechanic who 
in the intellectual ferment of the last war was able to capture for himself and for his 
subject the interest and support of physiologists and physical scientists. Hence, in spite 
of—or perhaps because of—his early tragic death, he became in a sense à symbol which 
marked the return in this country of psychology to the scientific fold. 

To the reviewer who knew Craik first socially and only posthumously as à scientist, 
these papers are curiously provocative. As scientific papers they, not surprisingly, lack 
the polish and incisiven of Craik's published work. As evidence of Craik's methods 


of work, the absence of biographical detail and explanatory comment is a serious defect. 
How much in fact did Craik amend and polish ? One would have welcomed the repro- 
duction of a page of Craik's “often difficult handwriting". A portrait would also have 
been more than welcome. As the editor says, the possibility of observing the birth, 
f Craik's ideas is fascinating. Unfortunately, the success the 
One of the few editorial comments 


growth and mutation o 
editor had in doing this is not conveyed to the reader. 
t ing contained “ten recorded presentiments" of the manner 
example given is in the 


Craik's writi 

r this seems the 
ognition. 

lent and the P 
for more. 


is to the effect that bi rtainly 
izarre: certainty 


of his death. To the reviewe 


worst traditions research on prec A 
traditions of resea I rice not excessive. Perhaps therefore 


The format of the book is excel eG B i A 
the paris e be unfair in asking fo In viri x ord ae =) ped 
of presenting the text of Craik’s unpublished work is we amie ou a dear rN 
biographie the Tis in part made g0 y the reprinting © the evocative y whic! 
4 etail is in par made Sen. i Journal of Psychology- Let us hope that it 
tisa partly rests and 


Sir Frederi the Bri : 
: eric Bartlett wrote for the s ae Se tation 
en not be long before the official reports Legere od SU itely Pe inble. 

nich are not included in the present volur R 


à royal Networks in the Retina. By Floyd Ratliff. 
» Studies 0? Neural Nehwor olden-Day- 1965. Pp. xii 365. 


A m 
Tach Bands: Quantitative Amsterdam: 


San Francisco, London and 
$15.25. 3 het of modern science. 
Ernst Mach nas good claims to be regarded aS a major Pre annot poene 
le is widely re ognized as I nstein’s Johnta aP Mach's Principle while aeroplanes 
Pure chance a osmologists ecture us ê E d this book is written on Mach Bands. 
exceeding Mach Que thunder at u$ from the RA ds of Sensation knows that this prophet 
i i he Anaty Floyd Ratliff's book expecting further 
rather than 


‘Any psychologist who has dipped in d 
ipeaks with E modern voice, and he will x pen cholatly 
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Prophetic. Mach Bands demands sober and 2 " 
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phy aad min sketch hange of luminance can be 
ons of such 
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mathematical representation is either concise and inaccurate, or precise and hopelessly 
unwieldy; in this respect it is, unfortunately, a typical product of the engineering approach 
to biological problems. 

The fourth chapter is on the functional significance of inhibitory interaction. The 
main points Ratliff makes are that lateral inhibition accentuates the borders and contours 
of objects, thereby aiding their recognition, and that it undoes the blurring introduced 
by imperfect optics. There is also a detailed comparison of the contrast mechanism in 
Limulus and human, and a discussion of some of the more complex image processing that 
occurs in the retina and cortex. "Though thorough and accurate, | feel that something 
is missing from this chapter, for there is more to be said about Mach bands than a pure 
physiologist will ever say. If retinal mechanisms abstract contours, it is tautologous to 
point out that contours are used in recognition: the brain n only use what the eye 
passes on to it, and there is thus no alternative to the uti ion of contours. What 
urgently requires explanation is “Why use contours?" “What is the survival value of 
contour abstraction?" E 

. The final chapter is on "Appearance and Reality," It is largely made up of 
historical accounts of the interesting errors that have arisen through assuming that sub- 
jectively observable Mach bands correspond to physical maxim and minim of intensity. 
These bands are amongst the most vivid of illusions—perhaps because they originate 
very early in the visual system—but I doubt if their study contributes in an important 
way to the philosophical problem. On the other hand what is omitted from the carlier 
chapter does seem philosophically relevant, and relevant to one of the ideas from Mach's 
own fertile mind, He held that scientific hypotheses, as well as many everyday concepts, 
were essentially a means of achieving "economy of thought." It is at least worth enter- 
Pese, fers nonm that lateral inhibition—the mechanism responsible for Mach bands— 
carn its survival value by making an early step towards such Machian economy. 

TIN uc seme end Eun pare of this book is a scholarly and professional treatment f 5 
NOUIS have nconaion pren cms but Lam not sure how much this very Prolene $5 
E deis e : on Mach, s man who described himself as. merely an unprejuc qus 
ani 1 with origina ideas. Fortunately the preliminary chapter gives ue 
HI Impression of the scope of Mach's work, and the translated papers an idea of its quality ; 
zd pe ag rambling seems to lead one more directly to the core of a problem than 
isciplined march of modern scientific professionalism. Horace B. BARLOW. 


Speech Analysis, Synthesis and Perception. By J. L. Flanagan. Berlin, Heidelberg and 
New York: Springer-Verlag. (Distributors in U.S.A. and Canada: Academic 
- DN N.Y.. 1965. Pp. viii + 317. DM. 58. 
ince the end of the war, the study of hearing has changed very considerably. Some 
za these changes are due to studies of the ear itself, sbowiüg that one cannot regard it 
E peel pom wires resonating each in isolation to a particular frequency, but rather 
tae p ex hydrodynamic system through which waves travel from end to end. Other 
h a ges have resulted from psychophysical studies of complex sounds rather than pure 
ones, and from the advances of telephone engineers in constructing systems which Wl 

produce speech-like sounds. Relatively few psychological textbooks take note of these 

changes, and it is not easy to find a single brief reference to which to refer enquirers. 
Most of these more recent developments are mentioned in this book, and for those 


who are prepared to spend the effort it may well be a useful survey of the change in 


knowledge of speech in the past 15 years i it deals 
fist with the wv iwi P 5 years or so. The plan of the book is that i 


2 A different speech sounds are articulated, concentrating primarily 
upon an analysis in acoustic terms, by writing equations and analogue circuits for the 
es cb It then deals with the mechanism of the ear, rather in the same way, and 
ae he various alternative ways of analysing the speech sounds acoustically. The 
c ifferent possible ways of constructing machines to synthesize speech are then discussed, 
and there is some consideration of the limits of the human listener in identifying speech- 
Hike sounds: this includes a survey of the Haskins laboratory work on the various acoustic 
cues which give rise to perception of particular sounds. Lastly, there is a discussion of 
complete telephone Systems which will analyse the voice, break it down into relatively 
few signals for transmission, and then reassemble it at the far end of the line. 

As might be suspected from this outline, the book is not primarily intended for 
psychologists, and one would guess that the intended audience is probably one of fairly 
sophisticated engineers and acousticians who happen to be rather ignorant of speech. 
Thus the mathematical analysis introduces Laplace transforms, Bessel functions an 
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Laguerre functions without explanation, while a fairly common piece of equipment such 
as the speech spectrograph is explained for several pages. It is unlikely therefore that 
this book will be the one to put the new account of hearing prominently on the psycho- 
logical map, while those psychologists who already work in the field may find that it is 
detailed primarily on points which they already know or which are outside their interests 
à Nevertheless, this is an important work. Those interested in the area will be familiar 
with the idea that each cavity in the mouth contributes to the shape of the spectrum of 
the voice, and that the position of the peaks in that spectrum carry quite a lot of the 
intelligibility. The analysis of the vocal tract as a transmission line, however, implies 
that even two cavities will produce a whole series of peaks in the spectrum, rather than 
just two at the natural frequencies of the cavities. Furthermore, on this analysis it is 
not the case that the value of any one resonance is associated with any one cavity, so 
that the second resonance may be caused to rise either by a forward movement of the 
tongue, or in other cases by a backward movement of the tongue. Thus the production 
of the same change in a Sound may result from quite different muscular movements. 
It is clear that some understanding of these relationships is essential for psychologists 
attempting to reveal the way jn which articulation is controlled; and this in turn requires 
à vocal tract considered as a transmission line. 


at least an outline understanding of the ‘ s 
For this kind of reason, this book should be welcomed by all those interested in speech; 


but there is still room for a work more directly intended for a psychological audience. 
D. E. BROADBENT. 


Handbook of Mathematical Psychology. Edited by R. Duncan Luce, Robert R. Bush and 
Eugene Galanter. London and New York: Wiley. Vol I. 1964. Pp. xiii + 
491. Sos. Vol. Il. 1964. Pp. 606. 905. Vol III. 1965. Pp. ix + 537. 


gos. 
As work on mathematical psychology multiplies there is an increasing need for formal 
teaching in this field at an undergraduate level; T no E dde 
au si iti * .. there was too little preliminary ori zati 
thors considered writing one, Pe k feasible within a reasonable 


of the somewhat sca 1 research literature to make the task t 
time,” end pere es pede in ds of mathematical psychology were asked 


the various fiel r 
to contribute their own chapters. laced upon the contributors, 


Little restraint was P e 
and the result is far longer than had been anticipated, with some of the articles stretching 
to well over 100 pages. They are also difficult, with no speci 


al effort to meet the non- 
mathematical psychologist halfway, and the length and difficulty Leer tha OR E 
drastic selection could it be used as an introductor ) e nee! 
ble to complain, 


y textbook. : x 
Ree A rage sonal since the present wor 
book still exists, but it w ould be most unrea: ho would like, from necessity or curiosity, 


is a godsend for the research psycho! ; of modern mathematics. If 
to analyse his data and present his ideas in the leg. book will deserve much of 


psychology is largely mathematical in a few years time, this 
pes and Zinnes, and their 


the credit (or blame). 2 
í The irt chapter is “Basic Measurement ane cts ULT a logical basis for the 
asan heat foL 7 : puse Au are classified according bj id empirical area MD 
which they 4 SEU SY they include, among orne : bora Sampling Theory,” 
by Luce; “psychophysical Scaling," by Luce and Gale a a eu G. eo 
by Atkinson and Estes; three chape ies Tingueu: and “Preference, Utility, 
ane of om Ewa Cor uce am d Suppes. In addition there ES oe m 
com x ipe o Ore Dy Newell and Simon, and an interesting but cult chapter 
puters in psychology by 50%. The two final chapters of volume II are straight- 
Busai d “Functional Equations," 


on parameter estimation by » by Snell, an 
e i es, yan 5 
Stochastic mre ded with topics of obvious relevance, but 


= se they E 

rd Bellman; these are included Mable introduction at the right level. There are some 
p which there is no readily theory and linear analysis of tracking behaviour; the 
ed ous notably informes e ductions to these are obtainable elsewhere, but if this 
= P explain mat see io seo why? several of the "gd chaptar are Poser 
Baten criterion it 1s di neared which ere are plenty fe) ee texts, and which is 
E a d that on POE out (they begin: “The inclusion of a c apter about computers 
ü how, as the authors pom tical sychology is a historical accident. ) scarcely mathe- 
CE ues s: oct ot quite Jeft out in the cold, since Miller and Chomsky 
. Informa 
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slip in a brief introduction to it in their chapter on "Finitary Models of Language Users." 

The standard of argument and presentation is uniformly high, though there are 
differences among the authors in the mathematical sophistication assumed in the reader. 
In some chapters, such as Edwin Martin's "Concept Utilization," the argument is gone 
through step by step, and little is taken for granted, while in others, such as Sternberg's 
“Stochastic Learning Theory,'' the reader is clearly expected to have thoroughly absorbed 
the preliminary mathematical reading suggested by the editors in their preface. These 
differences in level of difficulty are not reflected in the ordering of chapters; thus Martin's 
is the last chapter on mathematical learning theory, but would make one of the best 
introductions, while Sternberg's is the first. 

There is a more fundamental way in which the chapters of this work differ, and that 
is in the degree to which the mathematical imagination is chained to experimental data. 
At one extreme, for instance, there is "Detection and Recognition," by Luce, in which 
theories are developed in contact with relevant experiments, while at the other extreme 
there is “Identification Learning," by Bush, in which the main empirical restriction appears 
to be based upon what is intuitively acceptable. In the chapter by Luce the experiments 
would not have been performed, nor could thei significance be understood, without the 
theories, and only the most hidebound empiricist will fail to be impressed; in Bush's 
chapter, on the other hand, the psychologist who relies for his excitement upon the fitting 
together of the empirical jig-saw puzzle, and requires nothing more from mathematics 
than a help towards doing this, will find little of interest (unless he can supply the 
empirical content himself). The fact that the editors make no distinction between these 
two extremes indicates that the spirit of the work is that of the mathematician and 
theorist rather than of the experimental psychologist. This is fair enough, as long as 
mathematical elegance and superficial plausibility do not lead to an acceptance of the 
truth of a theory in the absence of adequate empirical backing; the careers of Hull and 
Freud, and their followers, Suggest that, even in the absence of elegance, this is a recurrent 
danger in psychology. n 

A lesser danger is that important problems, which do not lend themselves very easily 
to Statement in mathematical terms, will be ignored in favour of problems that are, 
mathematically speaking, more tractable; one has a sense of this danger in the following 
we oe m Atkinson and Estes: “In order to provide rigorous and detailed tests of 
which t} x S, DE Rs frequently necessary to contrive special experimental routines in 

he theoretical analyses generate tractable mathematical systems." It is worth 
noting that one of the most fully investigated problems of learning theory, that of the 
Uie reinforcement effect, has not much occupied the attention of mathematical 
ee ents, and a recent stimulating book on the subject, by Lawrence and Festinger, 
et a theory that owed nothing to mathematics: an equivalent mathematical 

3 have lacked the kind of flexibility that is often helpful to experimental 
progress. 
"T eie these reservations, enthusiastic welcome seems the appropriate response 
rk which Should enable mathematics to penetrate into the many fields ° 
psychological investigation where it can be of use. A. W. STILL. 


Foundations of Psychological Research: Statistics, Methodology and Measurement. By 
[rc H. Kurtz. Boston, Mass: Allyn and Bacon. 1965. Pp. xiii + 402- 


The title is misleadin suggesting a d z i i ; instead 
“the aim is to provide ar ES id grand book about logical foundations; i 


f : 
uberi dendi psychological theory and research." There are four parts, all at an 


and the only originality lies in combinin; i 

$ : y g them to make a book; it would have been more 
interesting if there had been greater interaction between the four topics, instead of 
However, the presentation is clear, and it 


i RIT i x i tistics 
course in the direction taken by Dr. Kurtz. SESE ae alind TS —— porem 


i 
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Statistical Methods: A  Probler vi ivi 
J sed n-Solving Approach. By Vivian Gourevi : 
Allyn and Bacon. 1965. Pp. x + 310. $7375. 7 P NE 1 
For some time now we have b awi 

. 2 een aware that the research behavioural scientist 
pardly afford not to acquaint himself with statistical methods; the difficult eec s 
^ » E mathematics is he supposed to learn in the process, or how much is he prepared 
a olerate. Professor Gourevitch tries to present statistical techniques as being "firmly 
ied to sound methodology," and uses a wealth of illustrative examples and very little 
mathematical formalism. This extreme approach, to my mind, restricts the framework 
of this readable book and the reader is left without the tools for making simple extensions 
of the methods presented. However, with its account of IQ and Introversion tests and 


tests of personality theories, this book should be interesting to many. 
E. A. C. THOMAS. 


: Man in His Working Environment. By K. F. H. Murrell. London: 
apman & Hall. 1965. Pp. xviii -+ 496. 638. 

i Although not explicitly stated, this book is clearly intended for the man in the factory, 
be he manager, designer, draughtsman or work study engineer. While other people will 


undoubtedly want to read it and could profitably do so, the text primarily attempts to 
t available in a form in which it can be 


summarize . . . “such information as is at presen 
used to meet . . . human design requirements." However, an attempt has also been 
made . . . “to give the reasons for the conclusions drawn and recommendations made, so 

further will know something of the scientific 


that those who may have to develop them 
bases which underlie them.” 

The work is therefore divided into 
124 pages and provides a general review of th 
human body; and a second part which deal 
detailed recommendations concerning design aspects, enviro 
tional considerations related to work and the work place. 
arrangement, although the allocation of topics between Parts 1 and 2 is somewhat 
arbitrary in many instances. This, together with a difference in depth of discussion of 
particular subjects has led to some anomalies; for example, in Part I, the chapter on 
Metabolism and Heat Regulation (Ch. 3) occupies little more than six pages, while à 
discussion of the characteristics of the neurone and neuronal transmission itself takes up 


more than four pages of the chapter on the Nervous System (Ch. 5). Similarly, in Part 2, 
lays (Ch. 9) and the Visual Environment 


the two chapters on Design of Instrumental Disp! ); 
(Ch. r4) together amount to approximately a third of the section which comprises 13 
other chapters! ý 

In a book on Ergonomics written by one pe: 
topics will be very much more effectively dealt with than others. 
no exception and clearly Murrell is at his best in the chapter on Design of Instrumental 
Displays (Ch. 9) which provides perhaps one of the most lucid and useful expositions of 
the subject. The many and various details appropriate to the choice and use of instru- 


and helpful consideration is given to the problems 
f some other topics 


two main sections—a first part which occupies 
c structure, functions and limitations of the 
s with practical ergonomics and contains 
nmental factors and organiza- 
In general, this is a successful 


rson it is almost inevitable that some 
The present work is 


ments are systematically treated y 3 

associated with instrument design. Unfortunately, wit sere oe: di N inchs 

‘alls far ; as, for example, in the description of the Nervous Sys m 
below this standard as, "9 p ments of fact (e.g. that thinly myelinated 


gross mis-state : t 
ster than thickly myelinated ones) but also confusing 


omissions. lurthermore, the loose usage of terms 
likely to make any self-respecting physiologist 


(Ch. 5). Here there are not only 
fibres conduct nerve impulses fa 
inconsistencies and some surprising 
generally evident in this chapter is 
shudder! 

On the whole however, t 
480 references. There are ar 
book achieves its object and provides 
worker on the other hand, it does not g 
scattered throughout the text, tend to be ve 
primarily for the British market and at 635. t 


he text is clearly written and well documented with over 
mple illustrations and for the general industrial reader the 
a useful source of information. For the research 
o far enough and psychological issues, which are 
ry sketchily treated. The book is designed 
he price seems reasonable enough. 

K. A. PROVINS. 


Psycholinguistics. Edited by Thomas A. Sebeok. Bloomington: Indiana University 
Press. 1965. Pp. xii + 307: $4.75- 
ks: Osgood and Sebeok's 


This volume is a paperback reprint of three well-known wor. 
Psycholinguistics—A Survey of Theory and Research Problems (1954); à revised version of 
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Diebold's extensive review (Language, 1964) of Saporta's readings in psycholinguistics, 
and Miller's The Psycholinguists (Encounter, 1964). A good buy, then, in terms of value 
for money. But—the papers bridge a large time span (during which a major revolution 
has taken place) and are aimed at widely differing audiences. One may therefore question 
the wisdom of reprinting such a mixed bag under one cover without denying the value of 
the individual contributions. 

The unifying theme of the Osgood and Sebeok section is the close relationship between 
taxonomic linguistics and behaviourist psychology. The notion of a K-limited stochastic 
source is used to explicate response-chaining of the units (on different levels!) isolated by 
taxonomic procedures. Diebold's paper is essentially an annotated bibliography of 
research between 1954 and 1964 and is thus a useful guide to an extensive literature. 
Miller lucidlv outlines some of the psychological implications of transformational 
grammar. ‘The discussion ranges from syntax (fairly well understood) to the obscuri 
of semantics and "belief" systems. Some of the implications of regarding compl 
organisms as "rule-governed" rather than “‘law-governed"’ are investigated. Students 
may find the variety of approaches discussed in the book rather confusing and could 
well be forgiven for imagining that the respective authors aretalking about totally different 
subjects. A little editorial guidance would have been valuable if only to explain thatin 
1954 the goal of psycholinguistics was the prediction of verbal behaviour whereas a more 
meaningful aim would now appear to be the construction of a theory of linguistic 
performance. Joun C. MARSHALL. 


Basic P end By Howard H. Kendler. London: Methuen. 1905. Pp. xii + 750- 
Os. 

There are now so many introductory texts of psychology that recent authors feel 
compelled to justify their labours. Kendler's first aim is “to provide a realistic and clear 
picture of contemporary psychology." But there are many kinds of picture, and this 
one is clear in the way that a line diagram of a sc is clear; it concentrates on outlines, 
boldly presented, and leaves details, subtleties and difficulties to the imagination. _For 
instance, the two chief rival theories of colour vision are discussed in one page, visual 
acuity in two, hearing in seven, the nervous system in 13. The book therefore whets the 
appetite, without even pretending to satisfy it. 1f by realistic is meant some account of 
every branch of psychology then the book is very nearly that. Its 17 chapters cover 
scientific method, the science of behaviour, origins of modern psychology, statistics, 
biological foundations of behaviour, sensation, conditioning, perception, motivation, 
learning and forgetting, verbal behaviour and problem solving, frustration and conflict, 
personality, behaviour pathology, social behaviour, psychological testing, and applied 
psychology. One can hardly quarrel with this list but the total omission of the related 
fields of information and communication theory, mathematical psychology, and psycho- 
physics is a pity. 

The author's second aim is “to meet the educational needs of introductory psychology 
courses,” and here he scores rather well. There is sound advice on the nature of psychology 
in an introduction for students, the text is simply and clearly written, the frequent 
analogies are apt and incisive, and the whole is lavishlv and clearly illustrated. There 
is an author and subject index, a useful glossary, suggestions for further reading after 
each chapter, and a more complete bibliography at the end. I only hope that the reader 
is not deterred by what is almost the opening statement of the preface, namely, 
“Psychology—a discipline that is hurtling towards scientific maturity—possesses an 
Buen th xe ire ee demands three-dimensional treatment." The book is a lot i 

a hat, and one of its principal messages i gv a vay to 8% 
and that the psychologist Gano may. sages is that psychology has a jor Es "ek 
Speech Disorders. By Lord Brain. 

Pp. vii + 201r. 47s. 6d. 


X The first edition of this useful book was noticed in this Journal, 1963, 15, 143. This 
edition contains a new chapter on current views on aphasia, in which attention is drawn 
to the more recent writings of Bay, Luria, Denny-Brown and (very briefly) the psycho- 
linguists. The chapter on handedness and cerebral dominance has been revised to tak? 
account of recent studies using the intra-carotid sodium amytal technique, which has 
made possible for the first time a direct attack on the problem. The chapter on language 
disorders in children has also been appreciably expanded. Although it is impossible to 
include much discussion in so brief a compass, the conciseness achieved by the author 


London: Butterworths. Second Edition. 1965- 


T 
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is particularly remarkable in a field in which lack of words has so often occasioned their 
profusion. This edition is a little more expensive than its predecessor but is 17 pages 
longer and its cover is gayer. O. L. ZANGWILL 

Social Psychology: The Study of Human Interaction. By Theodore M. Newcomb, Ralph H. 
New York: Holt, Rinehart and Winston. 1965. 


"Turner and Philip E. Converse. 
Pp. xii + 591. $8.50. 

One great advantage of reviewing a textbook is that the reviewer is thereby made to 
read the text through, which is presumably an exercise normally performed only by 
Students. The advantage of this is that “readability” is one excellent criterion for initial 
judgement, and this new text by Newcomb and his associates comes out of this assessment 
with high marks. This is a particularly deserved accolade in view of the increasing 
difficulty of presenting the material of social psychology in a coherent and readable form. 
In the haleyon days of 1950 when Newcomb published his first text, the field of social 
psychology was broad, vet still just about narrow enough to yield to a sweeping treatment. 
The material, too, was then in larger, more all-embracing, units which were susceptible 
to such treatment. The present text, however, focusses down on the psychological 
analysis of interpersonal situations without attempting to draw in more of the cultural 


and sociological complexities. ) 

. Thus we are now dealing with a completely new text which concentrates on one set 
of issues and makes no claim to be comprehensive. This is no bad thing, especially 
since the major thrust in recent social psychology has been within this area, and Newcomb 
has personally contributed a good deal. Inevitably there is a loss which the reader feels 
and especially in the implication of this type of study for the broader concerns of the 
world-at-large. This is partly a response to the fact that the ubiquitous laboratory 
animal—the American College student—inevitably figures prominently in a good many 
of its pages. This reviewer feels that one way to have remedied this situation within 
the authors’ frame of reference, would have been to include some of the material arising 
out of the study of schizophrenic patients and their interaction patterns. Not all of this 
material would have been acceptable, but some of it has stimulated a good deal of work 
on interactional processes which is different from the more laboratory-centred research. 
s With this exception, the book presents à remarkably coherent view which manages to 
include a wide variety of material without strain, and synthesizes work in 


a way which 


has not previously been attempted on this scale. The days of the text in social PA 
are now numbered, but within the field which it sets out to cover, this book on d 
recommended for all types of undergraduate course. barrier to it* 


use is likely to be that of price. 


An Experimental Approach to Projective Techniques. By Joseph Zubin, Leonard D. Eron 
and (sene ood New York and London: Wiley. 1065. Pp. xix + 645. 
T058. 


To do this large and closely-packed book 


justice would require a long review. Briefly, 
its plan is as follows. An introductory chapter on 


“The Challenge of Projective 
Techniques” and an extended discussion of “Perception: an Approach to TAT. 
lead into a systematic treatment of the two major techniques, awed in its historical 
With minor variations, the approach to each is the same: each is ls eR ‘cal neus 
s Don. its current status is ed pen E ‘the acho exarnine 
ated. Thereafter the technique is ana ySt ^7 "af AG ems of the elements 

what happens when ihe Rorschach or TAT is administered, in te : a 
essenti; sectentil6 dure: statement of an hypothesis, specification of appara’ us 
and Pere Ew E present their “psychometric approach, eee: 
variables involved and distinguishing between attributes of the stimulus and stimu us 
correlates, or determinants, of the response. The resulting scoring systems" are very 
elaborate indeed; for Rorschach, 69 "scales" (many with sub-classifications) are proposed. 
For TAT, analysis is rather in terms of rating scales and checklists. Finally, 
j 3 considered, a wider range, incidentally, from 


“derivatives” hnique are briefly j J 
rE A d an's technique is noted with approval as "superior 
» 


to the traditional Rorschach for on à 
As indi i Sane i i vowedly experimental standpoint, and the 
pease, 6 Wee S go far towards resolving the question of 


documentation is ex While it could g S | 
the Bude states of rear lar techniques, it is unlikely to stimulate the interest of 
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the clinician, since it does not include the Supplement containing the tables, scales, charts 
and norms necessary to implement the usc of the scoring systems. Lacking these, it 
is impossible to try the authors' ideas out in practice, and the almost complete absence 
in the book of illustrative material of any kind makes one chary of indulging in the 
additional capital outlav of $21.25 for photoprints (or $6.25 for microfilm) obtainable 
from the Library of Congress. Bonis SEMEONOFF. 


On Binocular Rivalry. By W. J. M. Levelt. Soesterberg: Institute for Perception 
RVO-TNO. 1965. Pp. vi + rro. 

This monograph presents experiments on both Binocular Brightness Mixture and 
Rivalry. It provides the best available summary of the literature on both topics up 
to 1963, being critical and quite comprehensive. 

The author's own findings are as follows: 

(1) The brightness of a binocular mixture is constant if a linear weighted sum of 

the monocular luminances is constant. In view of the large amount of physio- 
logical evidence suggesting that a non-linear transformation of stimulus d 
is performed at an early stage of the visual system, this is an interesting an 
surprising result. One would like to see it verified for a larger range of bright- 
nesses of the constant comparison stimulus than was used here. 

(2) Binocular rivalry. Experiments are described on the effects on dominance and 
rate of rivalry of varying the size, blur, contrast or luminance of one of the 
rivalling stimuli. The results are in accord with earlier work, and the experiments 
are in general rather better. A new finding is that varying the blur, luminance 
or contrast of one stimulus alters the length of the periods for which that stimulus 
is suppressed in the rivalry, but not the periods for which it is dominant. This 
allows Levelt to give an attractively simple mathematical description of the 
relation of stimulus strength to dominance and rate of ri valry. However, again 
one would like to see the conclusion supported by data for a wider range 0 
stimulus variables. Other experiments are described which demonstrate par- 
ticular aspects of the well-known importance, in both phenomena, of contours 
or edges in the visual fields. There is a suggestive discussion of similarities 
between rivalry and the type of meta-contrast which depends on interaction 
between contours. Finally there is an ingenious analysis of the statistical 
distribution of the length of the phases of rivalry. i 


This work contributes more to showing when mixture and rivalry occur, and what 
their characteristics are, than to showing what features of the design of the visual system 
make them occur, and what advantages such a design has. But hardly anyone has yet 
attempted these more ambitious questions. PAuL WHITTLE. 


Readings in Animal Behaviour. Edited by T. E. McGill. New York: Holt, Rinehart and 
Winston. 1965. Pp. x + 592. $12.00. 


During the past two decades the study of animal behaviour has been rapidly emerging 
as a separate and coherent discipline within psychology and zoology. It differs from both 
comparative psychology and early ethology in the rounded view which it takes of animal 
behaviour. Thus the new “behaviourism” is concerned with six main questions—the 
immediate stimulus response relationships in any piece of behaviour, the mechanism 
(both theoretical and physiological) which underlies the behaviour, its genetic background, 
the development of the behaviour within the lifetime of the individual, the evolution 
of behaviour as revealed by comparative studies, and finally how the behaviour contributes 
to the survival of the species. It can be argued that this embraces the whole field of 
psychology, both human and animal, and that the main value of such a bic logical approach 
is to show the relationships and interdependencies between topics which have, in the past, 
been studied in sterile isolation. 

When attempting to teach an undergraduate course based on this biological approach 
two main difficulties arise. First, there is no modern textbook which covers the area, 
and second, the original Papers to which students are referred are scattered through 
journals in a field so wide that they are unlikely to be found in any one (or even three) 
departmental libraries. Students find it a very real problem to obtain the journals to 
which they are referred. In an attempt to meet this problem, T. E. McGill has edited a 
collection of original papers and articles published under the title Readings in Animal 
Behaviour. The papers all appeared between 1956 and 1961 and cover roughly those 


— 


BOOK REVIEWS 189 


ps MA : the first paragraph of this review. The selection is one of the best which 
De Tube ea d. gne indeed since it contains many of the references given jointly by 
Ta. ERRER e reviewer in a first year course in comparative psychology it 
he roe Es criticisms which can be made are of two kinds. The first concerns 
i ps dam s the papers chosen. This varies from the chatty anecdotes of Breland 
and 3reland (about failures to train animals with classical techniques) to the detailed 
analysis of brain chemistry by Krech and his colleagues. One is unable to follow up or 
assess the important issues raised by the first type of paper, and the second type requires 
a good background knowledge (e.g. in physiology or genetics). Thus while some papers 
are suitable for an elementary course others are not. A second criticism can be made 
with regard to the selection of papers, which seems inconsistent. It is strange that the 
section on genetics should omit any of the fine comparative studies of courtship in 
Drosophila species, subspecies and hybrids, while including four less intelligible and less 
elegant studies on mice. Similarly in the section on the neural and chemical control of 
behaviour there are three papers on hormones, two on brain stimulation, but none on 
electrophysiology (only a single paper in the whole collection) or brain lesions. 

1 he editor has provided a brief statement at the start of each section indicating the 
main problems which arise in the field. The book would have gained coherence if these 


could have been expanded: at the moment they contribute little. The editor could indeed 
claim that he was not trying to produce a textbook, an assertion which only underlines 
D. M. VowrEs. 


our need for precisely that! 


Human Factors Evaluation in System Development. By David Meister and Gerald F. 
Rabideau. London and New York: Wiley. 1965. Pp. xii -- 307. 75S. 

1 group in this country realized, amazingly enough, 

They appointed a retired service 


i Some years ago, a major industria’ 
that they had a human factors problem on their hands. X | sery 
Officer to solve it for them; and he—honest man that he was—advised them to bring ina 


well-known firm of American consultants. It is saddening, and not a little alarming to 
For the neglect of human factors 


reflect that better advice could hardly be given today. 
work by British industry and, it is fair to add, by British academics, has been almost 
complete. It is unlikely that the publication of Meister and Rabideau’s work will, by 
itself, do much to alter this; but at least, anyone interested can now consult this book to 
find out what human factors evaluation is all about. p ot 
The usual method of writing a book of this nature is to establish general principles, 
from which particular recommendations are deduced. The authors, however, have 
adopted a rather different approach. They examine in some detail an imaginary system, 
and their general ideas emerge as they proceed. The system they imagine is “ ‘Hermes’ Vas 
an 18,000 lb., three-man, two and one half stage space vehicle designed to service and 
Supply . . . satellites and space stations." This exacting requirement gives them plenty 
of scope, of which they take full advantage. They deal with the interacting stages of 
factors assessment, evaluation, and development, chronologically ; and give proper weight 
to the constant pressure of the engineering and economic aspects of the total programme. 
It might be objected that they have selected an area where lavish facilities and expenditure 
are the rule; but this enables them to describe. what ideally rra Lie done: in any 
real case there would have to be compromises with what could M ss _— inie 


The P rely psy ical viewpoint seems a shade naiv t 
authors’ purely psychologe i taking is mentioned as a human function 


to traditional S-R z ecion 
to tra -R theory. Although deci ; saf rs i 
in an integrated system, the treatment it gets iS su ad EUM à es 
Search the index in vain mes of Tanner and Swets. Monitoring also rec 

he index in vain for the na: d at all; there is no index 


Very summary trea t: computer monitoring is not mentione i ! 
entry for “vigilance” By contest the chapter on methods of data analysis contains 


à good deal of material which a reader could fairly readily look up elsewhere. Admittedly, 
the length of treatment each aspect of the subject requires 1s hard to determine, and there 
1S no one “best” solution. Nevertheless, it seems to the reviewer that engineers have 
more need to be persuaded of the relevance of applied psychology than have psychologists 
Of the uses of statistics. At least, it is surely so in this country. me 

With these reservations, however, the book is to be recommended; and it is to be hoped 


that it has much influence. The authors quote the cynical remark that ". . . human 
formed because, even if performed, they are not 


factors evaluations d not be per! 
allowed to jafuna pecie design” It would be a deserved success if they helped to 
falsify this aphorism. M. HAMMERTON. 
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Visual Capabilities in the Space Environment. Edited by C. A. Baker. Oxford and 
London: Pergamon Press. 1965. Pp. vii + 203. 63s. 

Now that the power and control engineering problems involved in getting several 
tons into orbital trajectories and back to Earth have been solved, the emphasis of Space 
Research has shifted to human life-support systems and how to make maximum use of 
human abilities in the space environment. Ås the Editor of this very useful collection 
of review articles puts it: “On a weight-volume basis, the human represents an economical 
addition of an adaptable computer whose primary input mechanism is the eye," These 
articles summarize what is known through laboratory experiments and the observations 
of American astronauts and Russian cosmonauts of visual performance in space. The 
16 articles were sponsored by the Human l'actors Society of Amer the authors being 
actively engaged on human space flight. The answers are important for the space 
programmes, for tasks at present undertaken by special instruments will have to be taken 
over by humans for launches from alien worlds. Further, it is anticipated that the 
astronauts will be required to make essential visual judgements for docking and for moon 
landing. 

It is unfortunate that many of the more systematic visual experiments have so far 
failed, for technical reasons, but the broad finding that human vision works well in zero 
gravity is of great interest. ''Down is where the foot is," but there scems remarkably 
little confusion, at any rate for these highly trained men. John Glenn (in a quotation) 
has this to say of the reported remarkable acuity of space observers: ". . . ] think you 
identify the smaller objects by their surroundings. For instance, you see the outline of 
a valley where there are farms and the pattern of the valley and its rivers and perhaps 
a town. You can see something that crosses a river and you assume that it is a bridge. 
As for being able to look down and see it and say that is a bridge, I think you are only 
assuming that it is a bridge more than really observing it." So, through the fallibility of 
perception, Earth becomes Space Man's fiction! R. L. GREGORY. 


Color: A Guide to Basic Facts and Concepts. By R. W. Burnham, R. M. Hanes and 
C. James Bertleson. London and New York: Wiley. 1963. Pp. xviii + 564- 
70s. 7 

This book is unusual. It gives a great range of facts set out like Wittgenstein's 
Tractatus ; written in so terse a manner that its statements take on an aphoristic quality 
as though it gives all there is to be said on the perception of colour. 

Although primarily devoted to colour, it touches upon other aspects of vision, 
such as brightness and luminance units. ‘hese are given in extremely useful tables, 
allowing immediate comparison between the frightening number of alternative units and 
measuring scales. Essentially a reference book, it could be useful for students but it 
does not attempt to give any account of the various theories, with their merits anc 
difficulties. For the teacher or research worker it is an invaluable handbook, giving almost 
all the known facts. The bibliography contains almost 300 references, but is far from 
complete, giving no mention of several important European investigators such as G. $. 
Brindley and W. A. H. Rushton. This is a sad lack, but nevertheless the book is à really 
useful addition to the literature on this confusing topic. R. L. GREGORY. 


Visual Perception: The Nineteenth Century. By William Dember. London and New 
York: Wiley. Perspectives in Psychology Series. 1965. Pp. xii + 222. eai 
paper; 38s. cloth. j à ` 

This is one of a series of readings, entitled Perspectives in Psychology, under the 
general editorship of William Kessen and George Mandler. The present volume offers 
a score of important, often exciting, extracts from the Founding Fathers of perception. 
It is a collection of Nineteenth Century gems, selected and cut with care by William 
Dember, who sets his chosen gems in useful historical comments. 

Included are passages on the Eye, the Brain and the Senses by, respectively, Thomas 
Young, Charles Bell and Johannes Müller. We find here the original account of the 
Notorious Necker cube, Ernst Mach on contours, G. M. Stratton's re-inversion of the 
retinal image and Charles Wheatstone's wonderful paper on stereoscopic vision. When 
we come to the Master—Herman Ludwig von Helmholtz—we find him discoursing upor 
Unconscious Conclusions. It must have been difficult to select a single passage to repre- 
sent Helmholtz, but the choice is wise for this issue is still controversial. We find, as 
usual with the Master, clear intimations of important later work—in this case the Ames 
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R i zing < 1 i 

à Um : Eopitiug at [a] room with one eye shut, we think we see it just as distinctly and 
ed arbitrarily to a di ista 1 ^ i inec 

the AoA E y a different distance from the eye, provided all remained 

iis was the great period of perceptual research, whi 

" à grea a " en the problems appeared f. 

TA ere tackled by people who respected and understood other sciences. ie Tas A 

as » e turn of the century by confused counterblasts, which left metaphysical smoke 

eking in the air to cloud this first brilliant vision of how we see. R. L. GREGORY. 


Visual Perception. By Herschel Leibowitz. The Critical Issues in Psychology Series; 
General Editor: Melvin H. Marx. London: Collier-Macmillan. 1965. Pp. xii a 
177. 158. paperback. 
ete een in psychology are useful in providing students with original material 
Eom AREE by the textbook writers. — They are especially useful in present conditions, 
b k. e student population stretches library facilities beyond reasonable limit. This 
0S pn visual perception is one of an unusual series, in which a collection of source 
papers is combined with a text in its own right. 
A The first half, entitled Inquiry and Argument, is a discussion of classical problems 
including: perceptual adaptation, innate v. learning (rather inadequate), motivation, 
illusions, and the relation between perception and the nervous system, this being 
philosophical in tone. The author is an investigator of distinction, primarily on the 
development of the constancies in children, and the book is valuable for its treatment 
of this topic. Here Leibowitz writes with sufficient authority to set out the limits of what 
i known. Although there is but little reference made to underlying physiological 
mechanisms, there are interesting accounts of animal—including insect— behaviour studies 
and the whole is written with a commendable awareness of the biological importance of 


perception. 
a The Selected Readings given here 
the Rock and Kaufman moon illusion st 


amount to eight papers, including: the second of 
udies and Held and Schlank on disarranged eye- 


hand co-ordination, which pairs well with a paper by von Holst. The selection is too 
small, and the book as a whole too short to do justice to the topic of Perception. But 


although an elementary book, it does illuminate some critical issues. 
R. L. GREGORY. 


The Perception of Brightness and Darkness. By Leo M. Hurvich and Dorothea Jameson. 


Boston: Allyn and Bacon. 1966. Pp. ix + 141- $2.50. 

This undergraduate text deals with the measurement of subjective brightness, thresh- 
olds, temporal factors, contrast and constancy. “Photochemistry and Neurophysiology” 
occupy a paragraph on the last page, although there is a considerable amount of quasi- 
physiological theorizing in the rest of the book. The imprecision of this theorizing, a 
tendency to avoid direct confrontation der discussion, and 


defects of presentation, outweigh any 


with whatever subject is un 


virtues the book possesses. 
PAuL WHITTLE. 


hildren: A Study of the Creativity-intelligence Distinction. 
han Kogan. New York: Holt, Rinehart and 


$8.00. 
us research project concerned with psychometric 
1 children aged 10 to 11 years. Assess- 
s of their behaviour in school and play 
conceptualizing, and story-completion 


Modes of Thinking in Young C 
By Michael A. Wallach and Nati 
Winston. 1965. Pp. vill + 357- 

s This book reports a cautiously ambitio: 

assessment of features of cognitive function in 15 

ment procedures are described at length for aspect: 

Settings, how they deal with certain categorizing, 


Problems, their responsiveness to physiognomic properties of visual materials, their 
cliabilities of these measures are carefully considered and 


anxiety and defensiveness. R : 

€ Overall concern is with i i hich emerge among these measures. The 

OOk's main value probably lies in these assessment procedures and their promise for future 

research but, for some readers, this value may be eclipsed by the fact that the report 
i d distinction between intelligence and 


focuses on the topical and emotionally-charget ipu 
Creativity, The authors start by reviewing the literature on this distinction as it applies 


to children and conclude that it has not been clearly established. They then propose 
Several hypotheses about how “creativity” can, and cannot, be assessed and describe their 
Own assessment procedures and the results of applying them to the 151 children. Their 

creativity measures” showhigh reliability and inter-correlation, and so do their “intelligence 
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measures"; but the two sets of measures are substantially unrelated. At this point, 
they allot each child to one of four groups, that is, high intelligence-high creativity, high- 
low, low-high, and low-low. Subsequent measures are considered largely in terms of the 
average score for each of these four groups and the interpretation of these averages. 

The findings and their discussion raise a great many points of detailed interest and hint 
at a coherent, but intricate, overall pattern. Above all, they raise many clear questions 
for elucidation by future research. Not least among these questions is the correctness of 
the authors’ hypotheses about how “creativity” can be assessed. It cannot, they claim, 
be assessed by ratings from teachers, pecrs, or self; these claims remain open to experi- 
mental test. It can, they claim, be assessed by asking the child to engage in what might 
be called continuous controlled association or divergent production, e.g. name all the round 
things you can think of, or give meanings for this drawing: however, these tasks must be 
done ina context which is play-like and free from any hint of evaluation or time-pressure. 
Does the difference between a play-like and an exam-like setting radically alter a child's 
showing on these production tasks? Does the pattern of production really differ from onc 
child to another in the way hypothesized on page 16? Can any child begin to score high 
on such a task if he is merely encouraged to persist with it? None of these questions is put 
to direct test, yet cach is important for the overall thesis. These hypotheses may well be 
core et it poud be premature to conclude that they have been established by the 

‘a s whi > are j 
y intriguing findings which are here reported. L M. L. HUNTER. 


Bioelektrická Aktivita Kože (The bioelectrical activity of the skin). By A. Uherík. 
Mes Vydavatel’stvo Slovenskej akadémie vied, 1965. Pp. 197. Kčs. 
_ The problems of making a work known to à wider than national audience are fraught 
with difficulties. In this book a gallant attempt is made by giving the contents, the 
figure titles and summaries of the experimental findings in English and Russian for those 
who do not read Czech. The book is in two parts, firstly a review of the current position 
on the electrical activity of the skin and secondly an experimental section in which the 
author's own experiments are described. It is unfortunate that there is no English 
Summary of the first part as the table of contents makes it clear that there are points of 
view which other followers of “the skin game" would be very interested to know about and 
which evidently refer to works only available in Czech. The experimental section which 
is fully summarized does not present particularly striking findings although some of those 
on the relations between stimulus intensity and features of G.S.R. response which are 
described have not been extensively examined in Western literature. In this subject 
where details of methodology tend to be very important in assessing results, summaries 
of findings while better than nothing, tend to be unsatisfactory and only serve to whet the 
appetite for more detail. Perhaps the most valuable aspect of this book is that it informs 
a western audience of particular aspects of the work that is going on and enables the 
relatively small numbers of workers in this field to add another member to their list © 


correspondents. PETER H. VENABLES- 


The A natomy of Memory. Proceedings of the First Conference on Learning, Remembering 
and Forgetting. Edited by Daniel P. Kimble. Palo Alto, Caliorrza: Science an 
Behavior Books, Inc. 1965. Pp. xi 4-451. $4.35. á 

_ This “vinylback” volume records the transactions of a Conference held at Princeton 

in September, 1963, sponsored by the American Institute of Biological Sciences anc 

Organized by Dr. Karl Pribram. Much of it is concerned with what might be called the 

microphysiology'' of memory, i.e. the basic properties of neurones which permit func- 
tional modification. Sir John Eccles writes on physiological, Dr. Lawrence Kruger On 
morphological, and Dr. Holgar Hydén on molecular aspects. (This last is particularly 
fascinating.) There are also contributors on facilitation and impairment of storage 
processes (Dr. J. L. McGaugh), information transmission at synapses (Dr. A. M. Uttley) 
and “memory without record" (Dr. Heinz Von Foerster) The discussion is voluminous, 
often acute though Sometimes tedious, and there has clearly been much secondary elabora- 
tion. Although the informality of the proceedings was doubtless genuine, in print the 
bonhomie appears not a little forced, the attitude of the contributors to one another being 
on occasion marked by an elephantine archness. It is pleasant to be able to record that 
three members and one former Visiting Foreign Member of the E.P.S. took part in this 


Symposium. 
O. L. ZANGWILL. 
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Vol. XVIII . 1966 Part 3 


LEARNING AND RETENTION OF WORD-PAIRS WITH 
VARYING DEGREES OF ASSOCIATION 


BY 
A. W. HEIM, K. P. WATTS, I. B. BOWER and K. E. HAWTON 
From the Psychological Laboratory, U niversity of Cambridge 


e rd main aim of this experiment was to compare the role of degree of meaningfulness 
(stude Be of frequency of repetition, in the learning and retention of word-pairs. The 
BENE ) subjects were divided into three groups. The first group learned 25 word-pairs 
The & members were frequently and highly meaningfully associated with each other. 
pot m group learned 25 word-pairs which were associated far less frequently and 
The oE ully whilst those of the third group were as lacking in associative value as possible. 
a imulus-words were ambiguous; they were identical for each of the three groups; 
e word-pairs were presented, in randomized order, repeatedly, during the learning stage 
until the subject achieved the criterion of 20 (or more) correct word-pairs. After an 
interval of 60-90 days, the subjects were retested for retention. 
The results indicated that degree of meaningfulness plays a greater role than does 


frequency of repetition, both in learning and in recall; that the role of repetition tends to 
increase; however, as the meaningfulness of the material decreases; and that individual 
ifferences in method of learning increase with the diffculty of the material to be learned. 


INTRODUCTION 
ogists first concerned themselves with the study of 
of repetition has been regarded as a major factor. 

d to repetition per se is perhaps somewhat less at 
ys of Ebbinghaus (1885) and Thorndike (1911) 
(1942) that frequency is a necessary 
an experiment will be described to 


association plays a more important 


1 Since experimental psychol 
earning and retention, frequency 
Although the importance attache 
the present time than it was in the da 
few Workers would disagree with McGeogh 
condition of learning. In the present paper, 

test the hypothesis that degree of meaningful i 

Tole than frequency of repetition in the learning and retention of paired word- 
associates. The experiment was designed also to investigate qualitatively the type 
of errors made during learning and in later recall, and to examine the relation 
between learning and, retention ability, and between errors and forgetting. 


ExPERIMENTAL DESIGN 


(4) Subjects 

T The subjects were 60 Cambridge University male science undergraduates, between 
rides 22 years of age. Thirty were biological scientists reading zoology, botany, 
RN or medicine, the majority reading the last The other 30 were physical 
> ntists reading physics, chemistry, mechanical sciences, electrical engineering, crystal- 
een aphy or mathematics. No psychologists were included as it was thought desirable 
x onne experimentation to “naive” subjects. The subjects were divided into Groups 

» Y and Z, as shown in Table I. 
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TABLE I 
60 SCIENCE SUBJECTS 


30 Biological 30 Physical 


| | | | | | 
10X roY 10Z 10X 10Y 10Z 


_Thus each group contained half biological scientists and half physical scientists. 
Within the Z group, the biologists and physicists were also matched for university 
examination results. 


(B) Material 


The material to be learned consisted of one of three sets of 25 pairs of words. The 
stimulus words were ambiguous and were identical for the three groups, these 25 words 
being drawn from the Brook Reaction test (Brook and Heim, 1960; Hargreaves, Heim 
and Watts, 1963). The first set, X, was composed of highly associated pairs of words: 
all the response words in X assumed the meaning which had been most frequently 
understood in the Brook Reaction test, when this was given to a similar population. E.g. 


x stimulus word response word 


SCALES ——> WEIGHT 
BANK — > MONEY 


In almost every case, the X response word chosen by us was in fact the actual word 
most frequently given as a response in the Brook Reaction test. When this was not so, 
it was a case of our having had to choose between two or more response words of equal 
frequency, e.g. TRAIN — RAILWAY, Or —> ENGINE, OF — TRAVEL, OF — CARRIAGE (the last, 
itself an ambiguous word in this context). E 

The second set, Y, consisted of the same stimulus words as those used in X, but the 
response words were chosen such that the degree of association between stimulus and 
response was weaker than that in X. The Y response words had a recognisable asso- 
ciation with a different, and more rarely attributed, meaning of the stimulus words. 
They had been offered in the Brook Reaction test but only infrequently. E.g., 


T stimulus word response word 


SCALES ——> PRACTICE 
BANK ——- VIOLETS 


The third set, Z, again consisted of the same stimulus words but the response Pr 
had no obvious association to the stimuli and had never been offered as a response 1n 
Brook Reaction. E.g., 


Z stimulus word response word 
SCALES ——> BOOK 
BANK | ——- EXAMPLE 


The Z responses were selected from response words in X and Y, 12 from X and 15 
from Y (see Appendix). By employing response words in Z which had appeared in either 
X or Y, the Same range of word frequency was maintained in Z as in the other two lists. 
All of the 25 Stimulus words were ambiguous; and, as illustrated above, the meaning of 
the X words, as implied by their responses, was in every case different from the meaning 
of the same words, as implied by the Y responses. In the Z list, the subject could of 
course infer whatever meaning he chose for the stimulus word, since the response word 
bore no immediate relation to the stimulus, however interpreted. 


(C) Learning 


In the learning stage of the experiment, one-third of the subjects learned the X 
word-pairs, one-third the Y and one-third the Z word-pairs. 

In the first trial, or the rehearsal trial as it shall hence be called, the subject was 
instructed to learn the pairs of words as they were presented, typed on white cards. 
He was shown the stimulus word, typed on the left hand side of the card and was asked 
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to say this word aloud ite it, i 
Glace ; and to write it, immediately, in the left hand i 
q side sa Uem col yee s eee the response word, rey fie d 
iO RIT L xposed an: is also the subject was asked t 
te down in the middle column of his answer sheet. The compleie mye Es 
25 - 


Pairs was presented in this way. 
TABLE II 
A TvPICAL TRIAL (Y) 


First memory trial 


article clothing apprentice 
punch hole M 
pass friend y 
panel judges beating 

d spring balance M 
strike clock M 
analysis character report 
character feeling letter 
model figure example 
scales fish practice 
star nebula banner 
swallow insult V 
train lion EVA 
figure diet M 

* record file V 
angle right sight 
score EAE. oe v 
race EN. a V 
save goal IA 
party drink slogan 
joint rivet V 
service car M 

: print book frame 

spirit devil gum 
bank violets V 


i 
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When the rehearsal trial was finished, the answer sheet was removed, the cards were 
well shuffled and presented again. In this second trial, or first memory trial, the stimulus 
word of each pair was again shown alone and the subject was requested to say it aloud 
and write it again on a fresh sheet of paper in the left hand column. Then he was asked 
to say and write down what he thought was the second member of the pair. When he 
had given his answer, he was shown the response word together with the stimulus word. 
If he had answered correctly, he placed a tick in the third column and was then shown the 
next stimulus word. If he had answered incorrectly, he read out the correct response 
word and wrote it in the third column, before proceeding to the next pair of words. In 
each case, the subject was encouraged to give a response word even if it was a guess, but 
he was never compelled to do so. He was also asked to cover up the previous lines of 
writing to ensure that he did not look back and get some hints as to the response words 
by elimination. 

_ This procedure was repeated until the subject reached a criterion level of 20 (or more) 
pairs correctly learned out of the possible 25. An example of a typical first memory 
trial on Y is shown in Table II. The subjects were timed over each trial. No attempt 
was made to hide the stop-watch, but the tester emphasized that this was not to be 
regarded as a speed test. The subjects were not told that they were going to be retested 
after some weeks, but they were asked not to talk about the experiment to their friends 
as there was a possibility that the latter also would be tested. 


(D) Retention 


The subjects were tested for retention after a period of time ranging from 60 to 90 
days. In the retention trial, the subject was shown each stimulus and was asked to give 
the response word, once again saying them aloud and writing them down. The subjects 
were not shown the response words this time. On this occasion it was stressed that they 
should make every effort to give a response to each stimulus word, even if this meant 
giving the wildest of guesses. Most subjects complied with this request although there 
was one notable exception who appeared to hate answering unless he felt sure his response 
was correct, At this stage the list of words was run through once only, and the trial 
was timed as before. 

After this the subject was asked: 

.. 1(a) Whether he had discussed the experiment with anybody during the interval and, 
if so, when and with whom. 

If the answer to 1 (a) was positive, he was then asked: 

(b) Whether he had discovered that different lists of word-pairs were being used. 

2. Whether he had suspected that he would be retested. 

3. Whether he had consciously practised at all during the interval. 

4. What means he had employed to learn the word-pairs in the first place. 

5. How many correct responses he thought he had given in the retention trial. 

Once again people were requested not to talk to their friends about the experiment. 
Half of the subjects were tested by Bower and half by Hawton. The same experimenter 
iced the same subjects during both learning and recall. No experimenter effect was 

ound when the results of these two sub-groups were compared with one another. 


RESULTS 
(A) Comparison between Groups X, Y and Z 


, Table III shows the mean number of trials taken to learn to the criterion level 
or 20, by each group. It shows also the mean number of correct responses given 
in the retention trial for each group. A Mann-Whitney U test (Siegel, 1956) was 
used to test the significance of the differences. 

It may be seen that the subjects in Group X took significantly fewer trials to 
reach the criterion level than did the subjects in Group Y. Similarly, the subjects 
in Y took significantly fewer trials than those in Z. More word-pairs were retained 
after the 2-3 months interval in X than in Y, and more in Y than in Z, both these 
differences being significant. Thus, when degree of meaningful association (highest 
in X) is directly contrasted with frequency of repetition (lowest in X), it is clear that 


È 
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the former produces the better retention (highest in X). On the other hand Z, 
which required the greatest number of trials to criterion (owing to the lack of 
meaningful association between Z’s stimulus and response-words), yielded the 


lowest retention score. 
TABLE III 


Comparison OF X, Y AND Z IN RELATION TO (i) NuMBER OF TRIALS TO CRITERION AND 
(ii) MEAN RETENTION SconE 


Mean number of 
trials to criterion Mean 
(incl. rehearsal retention 
Group trial) sn] uw ? score SD: U p 
zs 2:25 0:43 13:25 | 27 
325 | «001 |— — — 38-0 | «o'oor 
P4 415 1:90 6-70 I4 
48-0 | <œ |— — 112:0 | «oor 


The mean retention score for Z was in fact pulled up because two subjects did 
d-pairs and the other (M), xo. It is 


Surprisingly well, one (L) remembering I3 WOr à 
perhaps worth mentioning that M was the only one of the 60 subjects to answer 
positively on the question of conscious practice during the interval period. 

The mean retention score on Y is perhaps slightly lower than would be expected. 
This may be explained by the fact that this list of word-pairs 18 not as easy as it 
might seem at first sight. Most of the Y subjects realized during learning that the 
Word-pairs are associated but only weakly so. In view of the ambiguity of the 
stimulus words, this suggests varied possibilities in the retention trial. However, 
the situation in X and Z is relatively clear-cut in that the word-pairs in the former 
are meaningfully and frequently associated and those in the latter are as much lacking 
in association as we could ensure, given these experimental conditions. The X 
subjects stood a far higher chance if they were guessing at any of the response- 
words during any of the trials than did subjects in either of the other groups. | As 
has been mentioned before, the associations in this group had been frequently given 


in the Brook Reaction test. . 
Figure 1 gives representative learning curves from the three groups, a E iMm 
subject being shown in each case. In addition there 1s the curve for one of the slower 
Subjects in "group Z. This particular case shows ne eae ies tn 
T j itially this appears to be due to the lack ot a option 
Progress of such a subject. Initially pp apie i 


gra is ing (see Section D below). 
the ees ee oe oa been due to a fatigue effect. Subjects taking 
16 trials over the learning phase were likely to have been in the test situation for 
almost 2hr. Indeed some of the slower subjects spontaneously reported that they 
Suffered from fatigue in the later stages. 
(B) Group X: comparison of Brook Reaction test frequencies with (i) learning and 
(ii) retention 

The Brook Reaction test frequency for each X word-pair, for a group of 150 
science students, was tabulated. These response frequencies varied between 60 
and ro per cent. of the total number of responses from this group of 150. These 
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frequencies were compared in the present experiment, (i) with the number of times 
each pair was recalled correctly, on the first memory trial in X, (ii) with the number 
of times each pair was recalled correctly in the retention trial in X. 


+ atypical Xsubject 
9 atypical Y subject 


24r 4 X atypical Z subject 
/ , 
/ © aslowZ subject 
2 M" 
H Criterion — T 


Number of items correct 


—— 
oe 
Number of trials 
FIGURE 1 


Some typical learning curves. 


It may be seen that both correlations are significant: the higher the frequency 
with which a response word had been offered in the Brook Reaction test, the ee 
the ease with which that word-pair was learned (in one trial) and—achieving Wa 
higher significance—the better that word-pair was retained over the 2-3 mon 
interval. 


TABLE IV 
Comparison or Broor REACTION TEST FREQUENCY WITH (i First MEMORY TRIAL 
AND (ii) RETENTION TRIAL 
X List 


ee ne ee ER RE E E EE 


Correlation* between the number 
of correct vecalls and the Brook 
Reaction test frequency for each 


word-pair d.f. t 22 
y trial) [eene y. died bd 
Retention € T P = 0:426 23 2:259 «0:025 


——M————————ÉÓÉÓÉÉÁÉ 
* Here, and throughout this paper, Spearman's p has been used. This was calculated 
by the exact method (Siegel, 1956). 
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This finding within group X merely underlines that described in Section A, 
where groups X, Y and Z were compared. The differences in degree of association 
are finer, however, and they are more quantitatively defined here. 


(C) Comparison of learning with retention 

The number of times that a pair of words was learned on the first memory trial 
was compared with the number of times that that word-pair was recalled at the 
retention trial, for groups X, Y and Z respectively (see Table V). 


TABLE V 


THE NUMBER OF TIMES A WORD-PAIR WAS 


COMPARISON BETWEEN 
IAL AND THE RETENTION 


RECALLED ON BOTH THE First MEMORY TR 


TRIAL 
ee Sn EE 
Group Correlation d.f. t p 
X p = 0483 23 2:642 <o-o1 
w p = 0:207 23 1:014 N.S. 
Z p = 0:579 23 3:402 «0:005 


BENE RED MU E 


Thus, in X and Z, those pairs of words which were most quickly learnt were 
significantly more likely to be retained. It should be mentioned that in X, there 
was rarely need for more than one memory trial, the majority of the word-pairs 
having been learned on the rehearsal trial. So when it came to ranking, the x 
Score yielded a very narrow range. It is interesting that the correlation oe is 
not significant: this is very likely due to the tendency of Y subjects to attribute an 


"incorrect" meaning to the stimulus-words. , -— 
If the number of repetitions of the material were the most important factor 1 


retention, the subjects in each group who took more trials to reach criterion should 
have remembered more word-pairs in the retention trial, and any correlation between 
these two measures should be positive. In fact, the correlations for both Y and Z 
were low and insignificant. But whereas that for Y was negative (o = —0:17) 
that for Z was positive (p — o13) Thus the number of repetitions appears to have 
Slightly more relevance as the material loses in meaningfulness. It should perhaps 


be rec j -perienced some “‘cross currents” in the learning 
alled that s! cts may have expe à 
"A 7 responses were drawn from X and Y response 


of Z, owing to the fact that the Z 1 


Words and "scrambled." j ‘ 
i ing the learning phase for each subject was compare 
WAR pia ns filie correlations was significant, there 


With his ion score. Though none o ; 
retention x the correlation was negative (p = —0'31, t= 


. » UM = 0" t= 0:0). 
— 1:39); — o: and for Z, the correlation was positive (p = 021, 
4 ca re Vr is some interaction between time taken to learn and 
degree of association: the fi tend to retain more in a task involving 
meaningful material whereas slower le: tend to retain more in a task involving 


less meaningful material. 


arners 


(D) Methods of learning 
After the retention trial the subject was asked what method he had used to 
associate the words in each pair. The methods employed were classified into the 


following categories: 
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FAMILIARITY—remembering because of the high frequency of previous experience 
of the association. For instance, most people habitually associate “bank 
with “money” and therefore find this pair of words very easy to learn. 


visUAL—remembering the association by means of visual imagery. Thus one 
subject in Z remarked that he remembered SCALES — BOOK by visualizing a 
book sitting in one pan of a pair of scales. Another Z subject said that he 
remembered RECORD — MILL by means of a visual image of a record player 
in a mill house. 


PARROT—rote meaningless learning, paying no attention to possible associations 
between words, if any. 
FORCED ASSOCIATIONS—subjects in this category attempted to force unrelated 


words into some familiar or unusual association either by using connecting 
words or bizarre ideas. 


FORM OF THE WORDS—remembering words by their shape or construction. Thus 
a subject might remember two words because they contained the same number 
of letters, e.g. STAR — MEAT (a Z pair) or because of common letters, e.g. 
TRAIN — INSULT (again Z). In choosing the word-pairs, however, the experi- 
menters had tried to avoid the possibility of associations of this sort. 


Table VI shows the number of subjects in each group using the various ethno 
of learning. Where a subject said he had used two of these methods, he is represente! 
by a half, under the two relevant headings. 


TABLE VI 
METHODS OF ASSOCIATION EMPLOYED 


Forced Form of 


Group | Familiarity | Visual | Parrot association | the words | Unclassifiable | Total 
E aja]: x 5 TES 
¥ II:5 5:5 I o o 2 20 
Z o 55 35 9 2 o e 


DE m— SE E NEN" MEE ENTM m 


Some of the replies could not be satisfactorily classified. Subjects in x 2 
bound to use their previous familiarity of the association of the words in each pair, 
in view of the way this list was constructed. It would not seem necessary to vm 
"parrot-fashion" learning in Y since the words in this group are moderately 
associated. Nevertheless, two subjects in Y did report that they used this metho 
for half of the pairs. (It is possible, of course, that they were not aware of a 
meaningful association between the words.) However, the “‘parrot-fashion”’ metho 
was used far more in Z. Visual association was used equally often in Y and Z. 

The majority of the subjects in Z appeared to try to force some meaning into 
their word-pairs in some way. Some of the slower subjects in this group seemed to 
start with no fixed plan for learning their pairs and half-heartedly adopted the 
parrot-fashion method. Eventually then seemed to decide that a definite policy 
would have to be adopted and then went on to make steady progress. These results, 
based on the subjects’ introspective reports, did reveal that there are considerable 
individual differences in the method of learning employed. This finding is in general 
agreement with that of Carlson and Carr (1940). 
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(E) Errors 
m ue errors made in X and Y during learning and retention were compared, to 
vhether there was any difference in the type of error made (see Table VII) | 


c TABLE VII 
OMPARISON or X AND Y Errors IN (i) LEARNING, (ii) RETENTION, BASED ON THE 
MEANING OF THE STIMULUS WORD ASSUMED BY THE SUBJECT 


] 
Number of errors in 
each group 
| 
z " š | 
x | 3 x | 2 
Right | | | 
y Stimulus word meaning 33 | 65 
Learning | Sa <o-001 
Wrong | 
Stimulus word meaning 54 350 
Right | 
Stimulus word meaning 86 | 
Retention x: | 5 >20 «o:oot 
Wrong | | 
Stimulus word meaning 144 | 306 


The “right stimulus word meaning" signifies that the subject gave a response 
Which, although mistaken, was in keeping with the meaning of the stimulus word 


chosen for the given group, 
e.g. BANK — CHEQUE 


instead of BANK — MONEY 


d meaning" signifies that the s 
th the meaning of the stimulu: 


The “wrong stimulus wor! ubject gave a response 
Which was not in keeping wi s word chosen for the 
§iven group, 
e.g. SCALES — FISH 
or SCALES — JUSTICE 
instead of SCALES — PRACTICE 
he stimulus words provided ample opportunity for mistaken 
ws that the X subjects were far more likely than the 
“correct” stimulus meaning even when they were 
s what has already been said about the nature of Dos 
be made with Z, since in this group there was 
"incorrect" stimulus meaning. 


The ambiguity of t 
associations. Table VII sho 
X subjects to associate to the 
making an error. This support 
This comparison could not of course 


no possibility of inferring either a “correct” or an 
The two groups were examined also to see whether the same sort of error was 


made on the retention trial as at the learning stage. It may be seen (Table VII) 
that the results in retention are in fact similar to those in learning. 
(F) Comparison of first and second halves of each trial 

It was noticed during the learning phase of the experiment that the subjects 
tended to give more correct responses during the first half of each trial than during 
the second half (see Table VIIT). 

If, for newly learnt material, memory obeys a fast decay function, we would 
expect subjects to score better on the first half of the subsequent trial than on the 
Second. Most of the material in the first half of the trial will have been seen more 
recently than the material in the second half, despite the fact that the cards were 
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shuffled thoroughly after each trial. This difference would be accentuated in the 
first memory trial as this took much longer than did the previous ("rehearsal") 
trial. The results from Y are in agreement with this. Those in Z are less conclusive, 
although the same general tendency is found. 


TABLE VIII 
THE SIGNIFICANCE OF THE DIFFERENCES BETWEEN THE NUMBER OF CORRECT RESPONSES 
GIVEN IN THE First AND SECOND HALVES OF VARIOUS TRIALS 


Group Trials d. t P 
x no significant results I 
Y Ist memory trial 19 2:92 «0:005 
2nd memory trial 18 2:82 <o-or 
All memory trials 48 3°83 <0-0005 
Z 3rd memory trial 18 2:35 «0:025 
5th memory trial 15 2:53 «0:025 
All memory trials 115 2:40 «ool 
XYZ All memory trials 189 432 soon 


c———————— —M Be 

An alternative explanation to these results can be given by an pate 
hypothesis, which makes difficulty dependent on serial position and accumula 
during the trial. 


(G) Experimental consistency 

The experiment was examined in two ways for internal consistency. aurem 

(x) Physical scientists and biological scientists. Here the subjects were consi 
as two groups of 30, the one comprising biological scientists and the other, payee 
scientists. The differences in performance, both on the number of trials to eh ce z 
and on retention score, were compared for X, Y and Z respectively. In eir 
these was a significant difference found, although only Z subjects were matche 
examination results. 


(2) Between the “talkers” and the "non-talhers." Those who admitted taleng 
about the experiment to other subjects and discovered that more than one MEN 
words were being used, were compared with those who had not so talked. B 
mean retention score for the 10 “talkers” was 9:2, and that for the 50 “non-talkers 
was 7:6. The probability of this difference occurring by chance was found to Be 
O84 by a Mann-Whitney U test. Thus there is no evidence, either that talking 
affected the test results or that subjects who talked tended to be different relevantly 
from those who did not talk. 


(H) Miscellanea 

(1) Time per trial. The mean time taken per trial during learning and the 
number of trials taken to reach criterion were compared, to see if the slower learner, 
in terms of number of trials, took longer also on his individual trials. The results 
were insignificant although in Z a negative correlation was found (p = —0:267). 
Thus in this group the subjects who took the least number of trials to reach criterion 
took longer per individual trial. 
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me =e results. The tripos examination results of the subjects were 
Weis c with their number of trials to reach the criterion level and also with their 
Piae ion scores. Small positive correlations were found in each case except in the 
: wed of X. E was noticed that two people in Z, who had obtained first classes 
n their tripos examination had the highest retention scores although they showed 
little superiority in the learning phase. These were the two subjects (L and M) 


who were mentioned in Results, A. 

(3) Estimation of retention score. The estimated retention score given by subjects 
(after the retention test) was calculated as a percentage of the number actually 
Correct. These percentages were 50, 65 and 88 for X, Y and Z, respectively. Thus, 
all three groups underestimate their retention score, but not to the same extent. 
The less meaningful the material, the more accurately the subject seemed to be aware 
of the number of correct responses he had given. There are a number of factors 
that could contribute to this result. Since, in Z, far fewer word-pairs were correctly 


recalled in the retention stage, this tended to reduce the number of possible scores 
they had attained. In many cases they 


which the subjects could reasonably say 
recalled only one or two, rendering it unlikely that they would make gross under- 
Furthermore, subjects guessing 


estimates of their score, as was possible in X and Y. 


at some of the associations in X would be far more likely to produce a correct response 
since the response words in 


than if they guessed in either of the other two groups, 

X had been frequently given in an association test. The subjects here might be 
aware of the number they had recalled, as opposed to guessed, and would therefore 
underestimate their retention score. 


There were several cases in Z where subjects gave correct responses in the 


retention trial but afterwards said they had not remembered the association, 
although the response word appeared spontaneously when the stimulus word was 
seen in the retention trial. Such cases might have resulted from parrot-fashion 
learning, the stimulus word acting as à trigger to the response word without any 


meaningful association having been created between the two. 

. (4) Correction of errors after time-interval. The errors made during the last trial 
in the learning stage (i.e. that trial in which the criterion level was reached) were 
examined to ascertain whether there were any cases in which a response was given 


incorrectly but later given correctly in the retention trial. It was found that there 


Were 18 instances of this in X, 10 in Y and only three in Z. i 
i as remarked above, guessing 


. The relatively high X result is not surprising since, gp ems 
In this i ; the correct response-word. -nSP 
s group might well en hat X will have learnt 


Curves in Figure r, extrapolated beyond the criterion, shows t 1 
rather videiur Y, and Y rather more than Z, during the last memory trial. Even 


if a subject gave an incorrect response on his last memory trial he still had a chance 
to learn the correct response as he was always shown it when going through the list. 


DISCUSSION 
The aims of the experiment have been in general fulfilled. The results confirm 
the hypothesis that the degree of meaningful association between members of word- 
Pairs plays a more important role than does frequency of repetition, both in learning 
the second member of the pair and in recall after some months: the more familiar 
the association, the fewer the number of memory trials—in some cases, one only— 
and yet the better the recall after 2 to 3 months. This was clearly shown as between 
&roups X, Y and Z. 
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Within the Z group (the word-pairs which were more difficult since there was no 
obvious association between their members), however, there was a tendency for those 
subjects who required more learning trials to remember more word-pairs in the 
retention trial (see Results C). So it may be that in harder tasks, faster learning 
does not necessarily go with better retention. In any case, it would appear that the 
importance of the role of repetition is directly related to the meaningfulness of the 
material for the subject. The emphasis so often laid on repetition by experimental 
psychologists is perhaps explicable by the fact that (with notable exceptions, such 
as Bartlett (1932)) they have tended to confine themselves to material as lacking 
as possible in meaning. 

With regard to their method of learning, not all the subjects found it possible 
to reply with certainty. Their introspection did, however, yield three points of 
interest. First is the increase in individual differences, as the task grew harder. 
As may be seen in Table VI, Z employed more methods than Y did and Y employed 
more methods than X did. Secondly, Y and Z made considerable, and equal, use 
of visual imagery, whereas X used this method scarcely at all. Thirdly, Z subjects 
evidently had often to contrive “forced associations," and sometimes to make use 
of the form of the words, whilst nobody in either of the other two groups used these 
devices. 

It may be remembered that in this experiment, the Z response-words were selected 
Írom the X and Y responses, in order to ensure the same range of word frequency 
in Z as in the other two lists. Thus, this object was achieved very likely at the 
expense of producing some cross-currents in the minds of some of the Z subjects 
(see Results C). It is hoped, therefore, to follow up this experiment with one In 
which a Z’ group is given response words which again bear no obvious relation to 
their stimuli, but which—unlike the present Z list—also bear no relation to other 
Stimulus words in the same list. 


APPENDIX 
Stimulus word Response word 

x Y z 
analysis chemistry report summer 
angle triangle sight drink 
article clothing apprentice lion 
bank money violets example 
character personality letter banner 
figure number diet rivet — 
joint meat rivet mountain 
model girl example slogan 
panel wood beating cricket 
party drink slogan chemistry 
pass mountain friend ghost 
print book frame sky 
punch boxing hole bird 
race colour mill triangle 
record player file mill 
save rescue goal music 
scales weight practice book 
Score cricket music violets 
service church car gum 
spirit ghost gum file 
spring summer balance apprentice 
star sky banner meat 
strike match clock clothing 
swallow bird insult rescue 


train travel lion insult 
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The two junior authors (I.B.B. and K.E.H.) did the testing and the analysis of the 
results as their research project for the Cambridge Part II Psychology Tripos course. 
The other two authors are indebted to the Medical Research Council for financial support. 
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VISUAL AND AUDITORY STORES IN SHORT-TERM 
MEMORY 


BY 


BENNET B. MURDOCK, Jr.* 
From Department of Psychology, University of Missouri 


If retrieval in short-term memory can be either from a pre-perceptual sensory store 
or from a post-perceptual memory then recall should vary as a function of input into 
sensory store. To test this possibility two experiments with paired associates compared 
visual and auditory presentation under conditions as comparable as possible. In both 
experiments modality interacted with retention interval: more recency with auditory 
but, in Experiment 1, more primacy with visual. The interaction was taken as support 
for the hypothesis. An alternative hypothesis (that storage is post-perceptual but not 
a-historical) was discussed and weak negative evidence presented. 


The general features of a model necessary to account for the experimental data 
on short-term memory gradually seem to be taking shape. At the very minimum 
it seems necessary to postulate one or more sensory stores, a central processing 
mechanism, and memory (Welford, 1960). Input through a single channel will 
pass through sensory stores and central processing mechanism into memory; a slow 
presentation rate will permit rehearsal (recirculation from memory through the 
central processing mechanism) (Broadbent, 1958), whereas a fast presentation rate 
may result in queueing and trace decay (Yntema, Wozencraft and Klem, 1964). 
One can also find evidence for rapid trace decay with overload (Sperling, 1960), or 
with multi-channel presentation (Mowbray, 1964). Memory may be a two-part 
system (Waugh and Norman, 1965), or not (Melton, 1963), but in any case the need 
for a distinction between ''pre-perceptual" sensory stores and “post-perceptual”’ 
memory seems generally accepted (Melton, 1963; Mowbray, 1964). . 

The question to which this paper is addressed is whether retrieval is exclusively 
from memory. While an affirmative answer seems likely it is by no means necessary ; 
it could be from sensory store and/or memory. Under presentation conditions 
normal for studies of short-term memory the persistence in sensory store is sufficient 
for normal processing, and the read-out is not necessarily destructive. So, at mi 
time of the retention test, the trace may still be present in both sensory store = 
memory; two potential stores exist. While we know that sensory stores are Vu- 
nerable to overload and may decay quickly, we know relatively little about their 
mode of operation under more typical conditions. p 

It is proposed to test the locus of retrieval by comparing retention after auditory 
and visual presentation of verbal material. Paired associates were used, and they 
consisted of common English words. Presentation of a pair would provide the input 
to the sensory store, and the presentation rate was selected to allow processing O 
each pair immediately after presentation. The rationale behind this approach is as 
follows: It is assumed that sensory stores for auditory and visual differ, though how 1S 
not yet clear. Given that the subject is required to process each pair upon arrival 
it presumably enters memory. If retrieval is only from memory it should be 
a-historical; i.e. which sensory store it came from should be immaterial. However, 
if retrieval is from sensory store and/or memory, then input modality should not be 
immaterial. It would not be enough to show simple differences between auditory 


* Now at the University of Toronto. 


M : ae unequal processing demands might displace the entire curve; 
ud darn E iii d predict an interaction of retention interval with input modality. 
Wedges or using auditory and visual presentation was that the same 
e res er content could be presented in two different forms. Paired associates 
2d venient in that the input (ie. each pair) was discrete and discriminable; 
us input and processing could be alternated in a simple repetitive pattern. The 
presentation rate was at least sufficient for processing each pair as presented; an 
additional processing (i.e. rehearsal) could only work against modality did ria 
And, of course, the attempt throughout was to make conditions for auditory and 
visual presentations as comparable as possible. Two experiments were conducted, 
the first a "pure-lists" design (all pairs within a list either auditory or visual) with 
the second a “mixed-lists” design (both auditory and visual pairs within a list). 


METHOD 


Material. The stimulus material in both experiments consisted of common English 
words paired at random. All words were two syllables and not more than eight letters 
long; they were randomly selected from the Thorndike-Lorge (1944) G count of 20 and 
above except that homonyms, contractions, and archaic words were excluded. The two 
words in each pair were always presented successively regardless of whether mode of 


presentation was auditory or visual. 
b For visual presentation the pairs were photographed on 16 mm. film and projected 
y a Dunning Animatic single-frame projector on a screen approximately ro ft. in front 
ri the subject. For auditory presentation the pairs were recorded on an Ampex F-4460 
"ine Line tape recorder and presented over an Ampex 2012 loudspeaker placed directly 
below the screen used for the visual display. For Experiment 1 (pure-lists design) the 
tape recording was made by à male speaker, and for Experiment 2 by a female speaker. 
While the pool of words was the same for the two experiments, the actual samples of 


pairs and lists were drawn independently in the two cases. £ 
was 30 pairs/min. The 


Procedure. In both experiments the presentation rate : 
ds in the pair was approximately 0'5 sec. For auditory 


duration of each of the wor 

Presentation the recordings were made by synchronizing with a metronome set at 120 

beats per min., and for verification direct measurements of duration were later made by 

photographing oscilloscope traces of the wave form. For visual presentation the Dunning 

Projector was simply stepped at the same rate (i.e. 120/min.). Thus, the pair of words 
eriod in which the 


required r sec. for display; this time was followed by a 1-sec. quiet p! 
ffect, the experimenter presented A and 


py iest verbalized the pair just presented. Ine c 
» then the subject repeated A and B for each of the A-B pairs in the list, and this 


repetition (vocalization) is taken as evidence of processing. j 3 
as similar to our previous experiments with paired 


In general the procedure W A E 
associates (e.g. Murdock, 1963). After each list had been presented one of the pairs was 
tested; the A member of the critical pair was presented as the probe and the subject had 
to try to recall the corresponding B member. There was no delay between the last pair 
in the list and presentation of the probe. Naturally the critical pair was in no way 
distinguished prior to presentation of the probe. The subject was instructed to guess if 
not sure; omissions were not permitted. There was one testing session for each subject. 
. In Experiment 1 (pure-lists design) alllists were six pairs long, and there were 72 lists 
in all. The 72 lists were sub-divided into two sets of 36 lists each; tapes and film strips 

sects started with each set and with each mode of 


and visual presentation, and order of presentation was eats : 
he critical pair occurred once at each possible serial position in every block of six lists; 
Er order within the blocks was randomized by selecting a different permutation for each 
of the 12 blocks. i 
In Experiment 2 (mixed-lists design) all lists were four pairs long, and there were 
and visual (i.e. AAAA, AAAV, AAVA,..., 


64 lists in all, All 16 permutations of auditory 
) were tested four times each, once for each of the four possible serial positions of 


the critical pair. The order of the 16 X 4 = 64 conditions was randomized and was the 
same for all subjects. However, two sets of tapes and film strips were made which 
complemented each other; all pairs that were auditory on one set were visual on the 
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other set, and vice versa. Half the subjects were tested on each set. The probe was 
always presented in the appropriate modality. As in Experiment 1, no omissions were 


permitted. 

To interleave the two modalities the tapes were recorded first; they were designed to 
run continuously and “blanks” were left for the visual pairs. Then, in making the film 
strips, the procedure was reversed and there the auditory pairs were omitted. During 
the experimentation the Dunning projector was stepped by a pair of re-cycling Hunter 
timers; the timers were simply started and stopped by the experimenter as necessary. 
The (120/min.) metronome beat used for timing the auditory presentation was recorded 
on the tape along with the word pairs; for synchronizing of auditory and visual pairs 
during experimentation the experimenter simply started and stopped the timers in time 
with the metronome. In general the synchronization seemed adequate and little trouble 
was encountered during experimentation. 

Subjects. All subjects were from the Missouri student pool, undergraduates of both 
sexes who were fulfilling a requirement of the introductory course. They were tested 
individually, 20 subjects being used in Experiment 1 and 36 in Experiment 2. 


RESULTS 
Difficulties in processing the pairs were infrequent. In Experiment 1 no record 
was kept. In Experiment 2 almost half (specifically, 17 out of 36) the subjects 
verbalized all 256 pairs correctly and, over all subjects, the error rate was about 
2:5 per 1,000 pairs. The errors that did occur were equally divided between auditory 
and visual presentations. 
Although the processing errors were infrequent they were suggestive. All but 


one were either A-B or B-A, where order of verbalization is as indicated and the 
bar denotes an incorrect response. Output interference (Tulving and Arbuckle, 
1963) is suggested by A-B; while speaking A, B is forgotten. Input interference is 
suggested by B-A; during presentation of B, A is forgotten and the subject reports 
first what he remembers. While cases of the latter outnumbered the former by more 
than 2:1, the more surprising fact seems to be that both input and output inter- 
ference may be manifest in the presentation and processing of a single paired 
associate. 

The main results of Experiment 1 (pure-lists design) are shown in Figure 1, where 
recall probability is plotted as a function of serial position (of the probe, that is). 
As can be seen, the auditory curve shows more recency but less primacy than the 
visual curve. A three-way (modality x serial position x subjects) analysis ts 
variance of number of correct recalls showed that the relevant interaction (modality 
X serial position) was highly significant; F (5,95) = 4:90, p < o-oor. While the 
effect of serial position was also highly significant, the modality comparison Was not; 
F (1,19) = 2:34, p > 0-05. Thus, there was no overall difference between auditory 
and visual but a significant interaction with retention interval was obtained. 

Not only were total number correct about the same for auditory and visual but 
also the absolute numbers of extra-list and intra-list intrusions were essentially 
identical for both modalities. However, the distribution of intra-list intrusions 
across serial position was not; instead, it showed exactly the same trend as correct 
responses. That is, the relative frequency of intra-list intrusions from position 5 
was clearly higher for auditory than for visual, but for intrusions from positions 1-3 
was higher for visual than for auditory. (The cumulative distributions across 
serial positions differed at the 0-05 level by a Kolmogorov-Smirnov two-sample test.) 
Thus, two independent measures showed the same interaction. For correct recalls 
auditory presentation was better than visual at the end of the list but visual was 
better than auditory for the beginning of the list. Given that an intra-list intrusion 
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occurred, it was more likely to come from the end of the list with audito: i 
but os likely to come from the beginning of the list with visual idis pa 
aide, o ep of Experiment 2 (mixed-lists design) are shown in Table I, 
ma s recall probability as a function of serial position for auditory and visual 
2 : S can be seen auditory was generally superior to visual, but the differences 
ere greatest at the two middle serial positions. The same type of three-way analysis 


Recall probability 


Serial position 


FIGURE 1 


ent 1 showed that the effects of modality, F (1,35) — 
dality x serial position, F (3,105) = 10:2, were both 
Thus, the relevant interaction was again significant. 
hirds of the errors were intra-list intrusions; in 


Xperiment 2 it was about seven-eights. In so far as analysis was possible, it can 


be said that in the second experiment the intrusions did not show a greater recency 
effect for auditory than for visual. This analysis could reasonably be based on only 


Ed variance as used in Experim 

F 3, and the interaction of mo 

lgnificant at the o-oor level. 
In Experiment r about two-t 


TABLE I 


A FUNCTION OF SERIAL POSITION FOR 


RECALL PROBABILITY AS 
AUDITORY AND VisUAL PAIRS 


EXPERIMENT 2 


Position | Auditory Visual 
I 0:392 0:316 
2 0:601 0:399 
3 0:896 0:694 
4 | 0:986 | 0:976 
| 


| 
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16 lists: (a) those with the test pair in position 1 and ipsimodal distractors in positions 
2 and 3 (i.e. the pairs in positions 2 and 3 either both visual or both auditory); or 
(b) those with the test pair in position 2 and ipsimodal distractors in positions 1 and 3. 
Then, intrusions from the two distractor locations could be dichotomized as ''early" 
or "late." If anything, the relative incidence of "late" intrusions was greater when 
the two distractors were visual than when they were auditory. We have no ready 
explanation for why there should be a preponderance of “late” intrusions for auditory 
in Experiment 1 but not in Experiment 2. 

A further analysis showed that the intrusions in Experiment 2 clearly tended to 
come from the same modality as the test pair. This analysis was based on another 
subset of pairs; specifically, those with test pairs at positions 1 and 2 and contramodal 
distractors (at positions 2 and 3 in the first case, at positions 1 and 3 in the second). 
For both visual and auditory test pairs, the modality of the intrusion was clearly 
appropriate; a 2 x 2 table (modality of test pair by modality of intrusion) showed 
non-independence with x? = 46-4. 


Discussion 


The results of these two experiments clearly indicate that there are differences 
resulting from auditory and visual presentation of paired associates, even when each 
pair is processed immediately after presentation. Moreover, modality interacts 
with retention interval in such a way that auditory presentation clearly gives better 
recency than visual presentation; for primacy, either visual is better (Experiment 1) 
or they do not differ (Experiment 2). The same general sort of interaction has been 
suggested by McGhie, Chapman, and Lawson (1965) though they did not use paired- 
associate material. 

The implication of these findings would seem to be that retrie 
from sensory stores or from memory. Certainly storage canno 
a-historical or modality would not have had such a large effect. í 
exactly the same material informationally; it was merely presented in two different 
ways. This same conclusion was also suggested for the results of a study of forward 
and backward associations (Murdock, 1966). If retrieval is at least partly from 
sensory stores then associative symmetry would be expected, since the input of the 
two members of the A-B pair was always simultaneous. It is only with processing 
that order relations are introduced. 

An alternative explanation for the present results would be 
exclusively from memory but visual and auditory inputs are store! 
tags. Thus, recall would be post-perceptual but not a-historical. x 
of this alternative, a supplementary experiment was conducted with voice quality 
rather than modality as the main experimental variable. If there is tagging in 
Storage, then it should be demonstrable with other dimensions. The experiment was 
an exact duplication of Experiment 2 in all respects except that male and female 
speakers were substituted for visual and auditory presentations. The results were 
completely negative; not only were there no differences in accuracy but also the 
intrusions were completely symmetrical. Clearly, then, the alternative of differential 
storage is not supported by this supplementary experiment. , 

If one looks at the penultimate pair in the list it is abundantly clear that its 
recall is better when presentation is auditory rather than visual. This difference 
is not due to differences in degree of original learning; in Experiment 1 the early 
pairs in the list were better remembered for visual than for auditory, hence they must 
have been "learned." In Experiment 2 an analysis of only those subjects showing 


val can be either 
t be completely 
It was, after all, 


that retrieval is 
d with different 
As a weak test 
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perfect recall of the last pair in the list showed that they were still, by a sign test, 
better when the penultimate pair presented was auditory than when visual (22/3, 
b <o-oor). It could be that visual pairs decayed more rapidly than auditory, or 
it could be that there were differences in interference generated by the last pair in 
the list. These two alternatives can easily be separated in Experiment 2, and it 
turns out that the former is more nearly correct than the latter. That is, retention 
of the pair at position 3 was completely independent of the modality of the pair at 
position 4; x? < 1-00. However, whether the modality effect is due to differences 


in storage or differences in retrieval is not quite so easy to determine. 

This investigation was supported by PHS Research Grant MH 10,882 from the 
National Institute of Mental Health, Public Health Service. The writer would like to 
thank Warren Carlson and Anne Stricklin for testing subjects and analysing data. 
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REMEMBERING A LIST OF TWO-DIGIT NUMBERS 
BY 
H. C. A. DALE and A. D. BADDELEY 
From the Medical Research Council, Applied Psychology Research Unit, Cambridge 


The way subjects remember a list of two-digit numbers has been examined in some 
detail. It is found that intrusions in free recall are not random. They resemble 
omissions in having the same first digit but not in other ways. This non-randomness 
of recall errors has been used to construct recognition tests of varying difficulty. Numbers 
which occurred commonly as intrusions were difficult to distinguish from the correct 
items when used as distractors in recognition tests. The experiments suggest that the 
previously observed relationship between recognition efficiency and number of alternatives 
(Davis, Sutherland and Judd, 1961) can be attributed to the increased probability that 
such intrusions will be included when the total number of distractors is increased. 


INTRODUCTION 

Davis, Sutherland and Judd (1961), using a list of two-digit numbers as stimuli 
have shown that if memory is tested by requiring the subjects to pick out the stimuli 
Írom an array which includes other two-digit numbers as distractors, performance 
deteriorates as the number of distractors is increased. When all possible distractors 
are included the number of stimuli correctly selected is roughly the same as the 
number which can be produced in free recall This finding, which we have been 
able to replicate, can be interpreted, as Davis et al. have done, on the grounds that 
the amount of information retained by the subject is constant and that relatively 
high performance is possible on the basis of this constant amount of retained 
information where the number of distractors is small. This approach is valuable 
Since it has long been known that the difficulty of recognition tests is variable and 
information theory promises to provide a rationale for one way in which it may be 
systematically adjusted. Two limitations of this use of information theory have to 
be recognized, however: (i) the simplifying assumption that recall errors are random 
is unlikely to be true as Davis ef al. themselves acknowledged, and (ii) any such 
blanket measure provides no indication of the way in which the data have been 
Stored and retrieved. 

Brown (1959) has likened the decay of a memory trace to the gradual Er 
of a chalk mark which makes the mark less distinct and hence increasingly nae 
to read. Although uncertainty will in general increase, the confusions which wi 
vec not be random and will depend upon the form in which the data have been 
coded. 

In the experiments to be reported it is first demonstrated that errors in free 
recall are non-random. This fact is then used to construct recognition tests in which 
the difficulty depends upon the nature of the distractors, their number being held 
constant. A preliminary report of a part of this work was published previously 
(Dale and Baddeley, 1962). The remaining experiments use intrusion errors to 
investigate the form in which the memory trace is coded. Two techniques are used: 
(i) the detailed analysis of errors in free recall: and (ii) varying the relation between 
correct items and distractors in recognition tests on the grounds that rejection of 
the distractors will be difficult if, when coded, they resemble the correct items. 


Part I. Errors IN FREE RECALL 
Method 
Stimuli. The following 15 randomly selected two-digit numbers were used: 1I, I3: 
26, 28, 32, 33, 36, 42, 51, 58, 59, 68, 83, 95, 97. 


| 
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Procedure. Each stimulus was printed in black ink from 3:5 in. stencils on a 10 X 
24 in. white card. The cards were exposed for 5 sec. with an interval of 1 sec. between 
each. Two different randomly selected orders of presentation were employed. Four 
groups of approximately 25 subjects were tested, two with each order. Immediate free 
recall was demanded. Subjects were told in advance that 15 numbers would be exposed 
and that the order of presentation did not have to be remembered. They were reminded 


of both facts while recalling. 
Subjects. One hundred young enlisted men. 


Results 
The mean number of correct responses per subject was 9:66, while the mean total 


number of responses made by each subject was 13:75. re 
An analysis of the intrusions is given in Table I from which it is clear that some 


numbers, e.g. 98 and 57, occurred frequently whereas others were never given. 


TABLE I 
THE FREQUENCY OF EACH POSSIBLE INTRUSION 


Units 
o | 7 2 | 3 | 4 4 6 7 8 9 
| 8 3 2 6 o 
a $ | 6 | E: | ns 4 6 x 3 x I 
n ru | | x 2 7 x 6 18 4 
30 o | 7 Z | ds S f a 3 18 T 
Tens E 2 s | D. | 8 | 4 5 14 24 x x 
bo o | o | r2 | 7 | 1o 5 ? : d 3 
2 2 
70 o | 3 3 x | 3 18 17 14 3 2 
80 oy 2 | 6 | X * T E. i$ 3 
90 o | 2 4 | 6 | I 


x indicates correct response. 


The X? test provides an index of the non-randomness of the distribution of errors based 
on the assumption that each subject's intrusions are independent. T eh 
extremely high level of significance (x? = 200 for 74 af. p= cars cu n E 
ditis ealeniation is fin nime a ge id donee method the first 
Chi-squ tone (1960) avoids this difficulty. X r h 
Lp RD Pales who made at least three PT ae: ues 
The distribution of these was markedly non-random p Ert e A atat 
of this result is that to some extent the subjects must ave ren ; Ege. 
in the same way. If each had employed a highly idiosyncratic storage 

Process or strategy the distribution of intrusions would have been random. 


Part II. SELECTED RECOGNITION DISTRACTORS 
i i intrusions in free recall bear no specific relation to the 
Tea ee E odere could be phenomenally similar to omissions and 
indicate partial forgetting. If this latter is the case, then common pmi 
be relatively difficult to discriminate from the stimuli. They should therefore be 
more effective as distractors in a recognition test than numbers which never or rarely 
Occur as intrusions. This hypothesis is tested in the experiment to be reported. 
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Method 


Procedure. The 15 two-digit numbers used in Part I were presented under the same 
circumstances and in the same two orders to similar subjects. Immediate memory was 
tested by recognition tests in which the stimuli together with 15 distractors were printed 
in three columns. Printed instructions reminded the subjects that 15 numbers had been 
presented. In Experiment A only they also included the statement “If you are not sure, 
guess." 

The distractors were systematically selected from the free recall intrusion data 
(Table I). In Experiment A two extreme sets were obtained by selecting on the one hand 
the 15 numbers which occurred most frequently as intrusions and on the other hand the 
15 which least frequently occurred. The rare intrusions consisted mostly of multiples 
of 1o and 11 and were readily identifiable as a group. For this reason Experiment B 
was conducted in which multiples of ro and 11 were excluded. The common intrusion 
distractors were the same in both experiments, with one minor exception (a substitute 
had to be provided for a multiple of 11). 

The subjects were tested in groups. Recognition test sheets of the two different 
kinds were distributed so that within each group alternate subjects had different forms 
ofthetest. In Experiment A two groups of 18 subjects were run, one with each order of 
presentation. In Experiment B, four groups of ro were run, two with each order 
of presentation. Test sheets were left face downwards on each subject's desk during ¢ 
presentation. They were turned over when a signal to respond was given at the end of 
the presentation. 


Results 


Mean performance levels under each condition and a summary of the statistical 
tests carried out are given in Table II. 


TABLE II 
MEAN NUMBER or CORRECT Items SELECTED By EACH SUBJECT ON RECOGNITION TESTS 
WITH RARE OR Common Errors As DisrRACTORS TOGETHER WITH THE MEAN NUMBER 
or RESPONSES MADE By EACH SUBJECT 
II DW S NES cR BDsdia eni i uacua ace cq M aet MB e ur M 


Experiment A Experiment B 
(Extreme sets) (Multiples of 10 and II 
excluded) 
Mean Mean No. Mean Mean NC 
7 score | of responses n score | of response 4 
Common errors 18 IO:44* . 14:85 
44 1470. 20 10:751 
Rare errors... 18 13:06* 58 20 12:05t 15:00 
n —Á—— PM ee MÓ———VlÓ— a ae 
* t = 48, p < 0-001 t t = 2:6, p < 002 


A marked difference between the two recognition tests was found in Experiment 

A; common intrusions constituted relatively difficult distractors. In Experiment B 
the difference was smaller but was still significant. 

: The implication of the differential effect of the sets of distractors is twofold. 
Since the technique has involved the comparison of data collected from different 
groups of subjects it confirms that these subjects must all remember this material 
in a similar way. It also indicates that there is some communality between the 
processes of recognition and recall. 


PART III. REPLICATION OF THE RECOGNITION EXPERIMENT 


To check the generality of the finding that recognition tests of varying difficulty 
can be constructed on the basis of intrusion errors in free recall the experiment has 
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been repeated using new stimuli, subjects from a different source and a slightly 
different experimental technique. 


Method 


Procedure. A fresh set of 15 numbers was used. No numbers used previously were 


included, nor were multiples of 10 and 11. Immediate free recall was obtained from 
lysed so that high and low frequency 


a large number of subjects and intrusions were anal 
intrusions could be selected as recognition distractors. No multiples of 1o or 11 were 
used as distractors. The procedure was the same as in Parts I and II above with the 


following exceptions: 
(i) Subjects were tested in groups of 10 to 20. 
(ii) A new order of presentation was used for each group. This meant that the 
orders used in the recognition tests differed from those used in the free recall tests. 


(iii) The orders of presentation were random with the constraint that ascending or 
descending triplets were excluded. E 


Subjects 
(i) Free recall, ro young enlisted men plus 83 members of the APU subject panel of 
paid volunteers (these were predominantly housewives between the ages of 


30 and 50). 
(ii) Recognition, 69 members of the APU panel. 


Results 


With common intrusions as distracto 
per subject was 971 (S.D. = 1-46). Wit 
This difference is statistically significant ( 
Previous findings are confirmed. 

The relatively small size of the effec 


Variation in the order of presentation. It might reasona ied. 
intrusions are alternatives to items in the list with which they are subjectively 


equivalent at the time of recall. Common intrusions constitute difficult distractors 
In recognition tests because this same subjective equivalence 1S operative. In 
general, numbers at the beginning and end of the lists are remembered accurately. 
For a given order of presentation the subjects’ memory for the middle items will be 
Imperfect and the intrusions will be alternative to these. If the same order is used 
in recognition, then the effect of the difficult distractors is maximized since these are 
Subjectively equivalent to the middle items. By varying it, their effect is minimized, 


hence the relatively small d in this replication. 


rs the mean number of correct items selected 
h rare intrusions it was 10°76 (S.D. = 1:45). 
= 324, 81 df, p «oor). Thus the 


ty be attributed to the 


t can in all probabili 
bly be assumed that 


ifference obtained i 


Part IV. A More DETAILED EXAMINATION OF INTRUSIONS IN FREE Ream 

It was hypothesized above that the intrusions were alternatives to aaa! but 
no supporting evidence was presented. In the present section three hypotheses 
concerning the nature of intrusions are examined: (i) they are relatively highly 
available responses within the category of two-digit numbers; (ii) they are similar to 
Omissions and might therefore be alternatives to them; (iii) they are similar to items 
Correctly recalled and might be generated on the basis of these. These three 


hypotheses are examined in turn. 


G) The response availability hypothesis 

If common intrusions are relatively available responses whereas rare intrusions 

are relatively unavailable, lists composed of the former should be easier to learn than 
sts composed of the latter. This has been tested directly. 
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Method 

The two sets of numbers used as distractors in recognition experiment B above were 
used as two separate lists to be learned. They were presented as in Section I and 
immediate free recall was demanded. 

Subjects. Seventy-four fresh young enlisted men tested in groups of ro to 20. 
Thirty-seven were given each list. 


Results 


The mean number correct per subject was: common errors 9:35; rare errors 8:86. 
The small difference is not statistically significant (¢ = 1-06 with 72 d.f., p > 0°25). 
It can therefore be concluded that response availability is not an important feature 
of the intrusions. 


(ii) The relation between intrusions and omissions 


Procedure 1. Data from one group in the original free recall test (cf. Part I) were 
analysed in detail. For each subject (N = 24, because one subject made no intrusions) 
the total number of common digits in the correct position was calculated (thus if he 
omitted 83 and gave 86 one point would be added, likewise if he gave 93, but none would 
be added for 98 or 31). The number to be expected by chance was calculated by con- 


sidering all possible intrusions, counting up the common digits and deriving the mean 
number per intrusion. 


Results 


The mean number of common digits per intrusion was 1:56, whereas the mean 
number expected by chance was r-16. Nineteen of the subjects had more common 
digits than would be expected by chance. Whereas only four had fewer. These 
proportions are significantly unequal (5 < o-oo1), so it can be inferred that there 
was some overall resemblance between omissions and intrusions. 


Procedure 2. "This was used to see whether the first and second digits contributed 
equally to this similarity. Data were taken from two other groups in the original BE 
recall test which yielded 49 usable records, and also from 62 of the subjects used in the 
replication experiment. The form of analysis was generally the same as that used uS 
Each digit was considered separately, so it was possible to count up for each S TS 
(a) the number of intrusions which had the same first digit as each omission; D ona 
number which had the same second digit; (c) the number of intrusions for which the ras of 
digit was the same as the first digit of each omission, and finally (4) the Pessoa. 
intrusions for which the first digit was the same as the second digit of each 1b con- 
As a baseline, the number of coincidences expected by chance was calculated X ro 
sidering the particular omissions made by each subject. The overall mean numbe sd 
coincidences could then be compared with the mean number expected by chance, * 


also the number of subjects who individually showed a greater than chance number © 
coincidences could be counted. 


Results 


Details are in Table III. These show that the similarity is restricted almost 
entirely to the first digit. 


(iii) Comparing intrusions with correct responses 


A similar procedure was employed to that used to compare intrusions with 
omissions. This showed that the mean number of common digits per subject was 
1:86, whereas the number expected by chance would be 1-84. Eleven subjects had 
more than would be expected by chance. Twelve had fewer. Clearly there is no 
similarity between intrusions and items correctly recalled. 


REMEMBERING TWO-DIGIT NUMBERS 217 


TABLE III 


T 
S Comparison or INTRUSION AND OMISSIONS IN FREE RECALL SHOWING THE MEAN 
CENTAGE OF COMMON DIGITS AND THE NUMBER OF SUBJECTS WITH MORE COINCIDENCES 
THAN WOULD BE EXPECTED BY CHANCE (S) 


: Original study (n = 49) Replication (n = 62 
Kind of coincidence : 
(see text) Observed | Chance É] Observed | Chance S 

a (common first digits) 16-7 10:5 37* 15'0 10:7 48* 
b (common second digits) 99 | 94 2 IL4 92 34 
E e 3 MEC 9:6 19 10:8 9:9 30 

t. € xA E ir8 IIo 22 9:9 II-3 25 
mm 

* p < 0-001 


Part V. ORDER OF RECALL 
rt I indicated that subjects were inclined 


Casual inspection of the raw data of Pai 
ding order. Accordingly, it was decided 


to write the numbers they recalled in ascen 

to analyse the replication data systematically to check this observation. It was 
for this reason that the order of presentation had been constrained to exclude all 
triplets in ascending or descending order. Any ascending triplets present were 


evidence of ordering imposed by the subjects. : 
For each subject the mean number of ascending triplets was 3:27 while the mean 


number of descending triplets was 1°32. Of the 92 subjects (one had to be excluded 
Since the order in which he had written out his recall could not be determined) 
59 showed more ascending than descending triplets thus indicating a significant 


tendency (p < oor) in the expected direction. 


Part VI. PROXIMITY 


The evidence so far indicates that when subjects fail to remember both digits 


of a number correctly they show a significant tendency to retain the first one. This 
bers by their position along a scale 


could be because the subjects code the num ‘their | r 
stretching from ro to 99 so that an error in the second digit arises through inaccuracy 


introduced at some stage during storage and retrieval. i 
In an attempt to test this hypothesis, recognition tests were constructed having 


distractors which were either close to, Or relatively distant from, the stimuli. The 
argument was that if subjects remember the position of each stimulus number along 
a scale then they will find distractors close to the stimuli more difficult to discriminate 


from them than more distant distractors. 


Method 
A li vas chosen, together with distractors which had the same first 
digit bue A A. "The material js shown in Table IV. As before, multiples 
of toa c elt 
nd r1 were excluded. TABLE IV 
Proximity EXPERIMENT 


MATERIAL FOR THE 
35 | 36 | 41 | 48 | 54 | 59 | 67 | 71 | 79 | 84 | 85 | 93 
Near di | SESE sce 

distractors ..| 13 | 18 | 24 2 [78 | 8 | 86 | o4 


| 


| 
Stimuli ..| 12 | 19 23 
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Immediate memory was tested. Details of presentation and testing were the same as 
in the recognition experiments reported in Part II. Subjects were tested in three batches 
of approximately 20. A fresh order of presentation was used for each batch. 

Subjects. Sixty-one young enlisted men not previously tested. 


Results 

The mean number of stimuli correctly identified by each subject was 10:53 when 
"near" distractors were employed, and ro-84 when “distant” ones were used. The 
very small difference in the expected direction is not statistically significant (¢ = 0:7 
with 59 d.f., p > 0-25). This experiment indicates, therefore, that the proximity of 
distractors does not appreciably increase their effectiveness. 


SUMMARY OF MAIN EXPERIMENTAL FINDINGS 
(i) Intrusions in free recall are non-random, 


(2) When common intrusions are used as distractors in recognition tests the 
test is relatively difficult, whereas the use of rare intrusions as distractors 
makes the test easy. 


(3) Intrusions tend to have the same first-place digit as omissions. 


(4) The use of ease of learning for free recall as an index of response availability 
led to rejection of the hypothesis that response bias influences intrusion 
frequency. 


(5) Intrusions do not resemble items correctly recalled. 


(6) The proximity in the number series of distractors to correct items does not 
affect the difficulty of a recognition test. 


(7) In free recall subjects tend to record their responses in ascending order. 


GENERAL DISCUSSION 


The observation that free recall intrusions are not random but show some 
similarity to omissions is significant for several reasons. It shows that this material 
is not learned in an all-or-none fashion, since the intrusions are partially apa 
Tesponses. Another way of describing the findings is to state that the errors pau : 
information. This means that a count of the number of completely correct ee 
will provide a conservative measure of the amount of information retaine nt of 
also means that a simple application of information theory to the measuremen 
retention as illustrated by Davis et al. (1961) is inappropriate. 

The demonstration that the difficulty of recognition tests can be manipulated by 
the systematic selection of the distractors provides another illustration of the 
inadequacy of the simple information measure. This assumes that errors are 
equiprobable and that distractors are therefore equally effective so that the difficulty 
of a test depends solely upon their numerosity. It is possible that only a limite 
number of alternatives are really effective as distractors and that the effect of 
increasing the number of distractors affects performance through increasing by 
chance the number of effective distractors employed. 

An analogous position has been reached in the study of immediate memory for 
short sequences of letters. Conrad (19644) has elegantly demonstrated that per- 
formance is governed by the confusibility between items in the population of stimuli 
employed rather than the size of that population. Elsewhere (Conrad 19640) he 
has argued that the effect of vocabulary size, which has been used to support the 
notion that the amount of information per item determines difficulty, could be an 


a 
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artefact, since as vocabulary size increases so could the number of acoustically 
similar items within the set. 

The correspondence between recall and recognition raises the issue of the extent 
to which common underlying processes are involved. It is probable that recall 
involves the dual process of (i) making the traces of as many category members as 
possible available for inspection by some internal scrutinizer, and (ii) deciding at the 
time of inspection whether or not a particular number belongs to the set of stimuli 
Which has been exposed. The evidence that in free recall subjects tend to write out 
their responses in ascending order suggests that they scan from 9 to 99, and since all 
two-digit numbers are well known to all the subjects difficulty would only arise in 
the recognition stage. The observed similarity of recognition and recall performance 
levels when all possible two-digit numbers are included in the recognition test is 
therefore to be expected for this material. 

The similarity between intrusions and omissions was found to be restricted to the 
first-place digit. When unable to give the correct response subjects tended to give 
Some alternative response which had the same first-place digit. Wickelgren has made 
à similar analysis of errors in the immediate recall of consonant-vowel digrams 
(Wickelgren, 1965). With this material there was no tendency favouring recall of 
the first member of each pair, instead the consonant was favoured regardless of its 
Position. The order effect is, therefore, not general and it could be peculiar to 
numbers where in many situations the first place is more important than the second. 

v i z and Mrs. A. Hull for assistance with Data analysis 
and mes mm ee add N for providing subjects and testing facilities. 
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THE EFFECT OF INTERPOLATED ACTIVITY ON A 
TREBLE RIGHT-LEFT ALTERNATION TASK 


BY 


E. A. TAYLOR, M. J. McEWEN and L. WEISKRANTZ 
From the Psychological Laboratory, Cambridge 


In a delayed treble alternation task the number of errors made by human subjects 
was found to increase when an irrelevant task was presented in the delay interval. The 
number of errors increased with the number of items presented in the delay interval, 
but neither the difficulty of the irrelevant task nor its similarity to the alternation task 
was found to affect the number of errors. 


INTRODUCTION 


It has long been known that dorsolateral lesions in the frontal cortex of the 
monkey can produce an impairment of tasks requiring a delayed response to a 
discriminatory stimulus, so that the animal cannot choose the correct stimulus more 
frequently than chance if the response is delayed by more than 5-10 sec. Jacobsen 
(1935) characterized this as an impairment of immediate memory. Such animals can, 
however, still learn difficult discriminations; and so, if the defect is to be in the short- 
term memory store, it would seem to be a specific retrieval difficulty. 

Two predictions from this have been confirmed. 
found that a task involving delay of reward was also impaired after frontal lesions. 
Weiskrantz, Mihailovié and Gross (1962) found that frontal stimulation caused 
impairment in learning simple problems for which few learning trials were 
necessary, but were not impaired in the learning of difficult problems for which many 
trials were necessary: this would follow if the retrieval difficulty was specific to the 
short-term store and so would not show up in the difficult problems for which the 
long-term store was involved. 

Other studies, however, have cast doubt on the retrieval hypothesis. 
by Oxbury and Weiskrantz (1962) that animals with frontal lesions we 
normal animals in the development of learning set, as indexed by improvement Hi 
performance over a series of problems for each of which three trials were given rega 1 
less of the result. It was therefore suggested that the difficulty is not in retrieva! 
but in the registering of information: perhaps frontal monkeys select stimuli 
differently so that there is what might be called an alteration of attention. There 
are indeed indications that monkeys with frontal lesions do respond differently to 
complex stimulus situations; they take shorter glimpses than normals (Lindsley, 
Weiskrantz and Mingay, 1964) and they sample from the stimulus alternatives in 4 
more chaotic manner (Weiskrantz and Mingay, unpublished) particularly as the 
number of choices is increased. Buffery (1964) found that animals with frontal 
lesions departed radically from the controls as the number of alternatives in a dis- 
crimination increased. This effect increased as the novelty of the negative stimuli 
increased. He also varied the frequency with which four stimuli were presented in 
a delayed matching from sample task, and found that the operated animals responde 
better than controls to the infrequent stimuli and worse to the frequent. 

This chaotic stimulus sampling may be analogous in some respects with that seen 
in human manic patients. Meprobamate is given as a tranquilliser to these patients; 
the effect of meprobamate on animals with frontal lesions was investigated by 


It was found 
re better than 


Mishkin and Weiskrantz (1958) : 


x 
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Weisk: S 

‘Bi ` aed pde s (1963). The drug had no effect on delayed response 

l ; inhibitory” effect in normal animals. T ignifi : 

X ‘ s. The dru; 

e n E ii of operated animals on a delayed seemed ro E 

me cogi Me 5, G Uk SpA 12 i 

i te pected if it is countering the "sensory disinhibition” of the frontal 

There is also some evidence that frontal animals perform better when their 


delay interval is spent in darkness than when it is in normal illumination: this also 
Malmo, 1942; Orbach and Fischer, 


is compatible with t i 
1959). he theory outlined above ( 
in ps theory to hold it is necessary that paying attention to irrelevant stimuli 
Bleck ha T interval should impair performance on a delayed response task. This 
is sonal a een shown in normal humans in experiments where the delayed response 
Mioeim o a list of digits, e.g. by Brown (1958) and by Conrad (1960); the present 
af the ent was designed to study the effect in a situation more comparable to that 
ves animal experiments. Preliminary studies suggested that the effect could be 
wn in a delayed treble alternation task with a constant delay interval of 8 sec. 


METHOD AND APPARATUS 
dae task was a triple right-left alternation; two piles of playing cards were 
‘ace down in front of the subject and he was required to take up the cards, one at 


à time, in the order: 
one from the right heap 


one from the right heap 
one from the right heap 
one from the left heap 
one from the left heap 
one from the left heap 
one from the right heap 
one from the right heap 
one from the right heap 
etc. 


x 
iie cayo 8 sec. between each card. 
eds c peupiect had 30 cards to turn up on each run; the score was the number of errors 
were | Knowledge of results was desirable since otherwise great difficulties of strategy 
ty presented. The cards were therefore arranged so that when the subject turned up 
rrect card it was red; when he was wrong th ck. This was accomplished 
d in the following way from the top of 


b is 
y making the two piles of 3° card 


the pile down: 
Right pile: red, red, red, black, black, black, red, red, red, etc. 
Left pile: black, black, black, red, red, red, black, black, black, etc. 
erimenter took a card from the 


When th i P : 
e subject turned up à card from one ile, the exp! 
det tbi 5 an lective sequence with which the subject had 


RAE pile. In this way there was tie idi 

m eep in step. This had the a coring but the disadvantage 
Rai at some element of reasoning as nvolved in getting back into 

Tub cusa after making a mistake. 
= her advantage of the method was that 1 r ^ 
Gees afterwards and also retai n about the order of the mistakes 
n were distributed evenly through t! 4 A 
dela: he experimental design varied the number and difficulty of items presented in the 
E interval, which was maintained constant at 8 sec. There were four conditions of 
Ss nber and three of difficulty: in addition each subject had a control condition in which 
a items were presented during the delay interval. The "irrelevant" task involved a 
15 SE to the presentation of Numbers in the window ofa memory drum. Ina window, 
um asuring 1 in. wide and $in. high, on the top. of a memory drum, were presented the 
ba aoet *'r" and “2,” the digits being approximately Zin. high. Either the "gy" was 
Sa the right and the “2” on the left or the fy"? was on the left and the “2” on the right. 
rewed to the top of the memory drum was a writing platform. A lined strip of paper 
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of the “Ir” on this strip of paper. Thus, he put a tick on the left when the "1" was 
presented on the left, and on the right when the “1” was presented on the right. Also 
on the writing platform, but to the left of the window, were two piles of cards used in 
the main task described above; the right hand pile was approximately 2 in. to the left 
of the window. For left-handed subjects the arrangement was reversed and the strip 
of paper passed by the left-hand side of the window while the piles of cards were to the 
right of the window. 

In one condition of difficulty (A) of the items presented in the delay interval, the “1” 
was always presented on the left side of the window and so conveyed no information. 
In condition B, the “1” was presented either on the left or on the right in random order, 
thus conveying one bit of information. In condition C the ''1" was presented on the left 
and on the right alternately; again, this strictly conveyed no information but, inasmuch 
as it was an alternation, was similar to the main task and so might be expected on a 
reactive inhibition theory to interfere more than A with the main task. 

Condition D was a control in which no figures were presented and no ticking required. 

Each of these conditions was presented at different speeds: 


passed by the right hand side of the window and the subject had to tick off the position 


I. Two items were presented in the interval, one every 4 sec. 
II. Four items were presented in the interval, one every 2 sec. 
III. Eight items were presented in the interval, one every 1 sec. 
IV. Two items were presented, one every 1 sec. at the beginning of the period, 
followed by a period of 6 sec. in which no items were presented. 


After the 8-sec. interval, a black area appeared on the memory drum: this lasted for 
4 sec. and was the cue for the subject to pick up one card, after which period items were 
again presented. This period of 4 sec. appeared optimal from the preliminary studies, 
allowing all subjects time to make their choice without undue dawdling. The memory 
drum was checked against an electronic timer and found to be a reliable instrument. 
Thirty-two subjects were used, all undergraduate students at the University of 
Cambridge. Each had one run in each of the conditions A, B, C and D, the order in which 
they were given being varied between subjects according to a Latin square design. Each 
subject therefore had four runs, all at one speed; different subjects were assigned at 


random to one of the four speed conditions, T, LI, DEE. er IV. 

Each run lasted 6 min.; there was a pause of 3 min. between each run. Standardized 
instructions were read to each subject and a short demonstration then given by the 
experimenters. In these instructions the subject was given no indication that either of 
the two tasks was more important than the other. The instructions included a request 
not to "cheat on some part of the experiment by giving yourself clues, for instance, by 
using the position of your hand between cards to indicate the right side, or by repeating 


to yourself the position of the next card.” 


RESULTS 


The results for individual subjects are shown in Table I. The totals for the 
different conditions are shown in Table II. Only errors made on the main task are 
considered; each cell represents the results of eight subjects added together. Each 
figure is therefore out of a possible total of 240, except the column totals and row 
totals, which are out of 960. 

To determine whether activity presented in the delay interval a 
task, each subject’s score on the control, D condition was compared with his average 
score on the three other conditions. The number of times D was greater than 
(A+B-+C)/3 was then compared with the number of times it was smaller, and a signs 
test indicated a probability associated with the null hypothesis (that there was no 
difference between D and (A+B-+C)/3 of less than oʻoooor (on a one-tailed test). 
The result is therefore very significant. All subjects but three showed a change 1n 
the predicted direction. Even when scores on the D condition are compared with 
those on the A condition, D is found to be significantly smaller than A, at below the 
0-002 level on a one-tailed test. 


ffected the main 
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TABLE I 
MEE a uere 
| | | 
Task A Task B | Task C Task D 
(unilateral) (random) (alternate) (control) 

Sub- i , 

Ject Condition x ¥ X Y X y X 
I I (2 spaced) o o o o o o o 
2 II (4 spaced) 2 2 2 2 2 2 o 
8 III (8 spaced) 8 o 3 9 3 6 2 
4 IV (2 massed 2 o o o o o o 

at start) 

5 I 2 o I o I o I 

6 II 1 o 4 5 5 o o 

7 III X o 2 o 2 o I 

8 IV o o o o I o I 

9 I o o 1 o o o o 
Io II 3 o 2 I I 3 9 
Ir III 4 o 7 6 7 1 I 
12 IV I o o I I o o 
13 I o 2 o I o I 
14 IL d o I 6 E A 2 
I5 III 5 o 2 I 9 

16 IV 3 o o o 4 2 o 
17 I o o 6 9 9 2 3 
ds II 4 o 3 2 4 9 3 
19 III 2 o 6 |35 3 $ 3 
20 IV 2 6 I I : 
21 I o o I o 1 x > 
22 II I o 2 I 2 > 
23 III 7 o 4 I2 S $ f 
24 IV H o £ a 

I 
25 I I o 3 I 3 o 
26 I I o o I z g S 
27 Il o o I op A 2 6 
28 IV o o 4 T 
29 1 gia pe, Seeds 
30 I i ANN. 4 o B 
31 III 3 a s o o o o 
l 


32 IV 
e the number of errors made on the main task; each figure 


is es marked X giv ; 
Colum possible mak give the nu the irrelevant task; at speed I 
Sol ive the number of errors made on ; 
ph dps anarei AT maximum of 58, at speed II out of 116, at speed III out of 
232 and at speed IV out of 58. 
ves the following two-tailed probabilities associated with 
here is no difference between: 


A and B: $ < 09. 
B and C: p < 064. 
Cand A: p < 038. 
t the null hypotheses. 


" The signs test also gi 
he null hypotheses that t 


It is therefore impossible to rejec 
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A Friedman two-way analysis of variance was carried out on the data in Table II. 
This indicated a probability of 0:653 that the three samples A, B and C had been 
drawn from the same population: it must therefore be concluded that this experiment 
shows no significant differences between the different conditions of difficulty. 
Condition D was excluded from the Friedman analysis of variance described above, 
since no items at all were presented in this condition. 


TABLE II 
— Or E e E E 
A+B+C 
| Total errors 
| for each 


Conditions Task A Task B Task C | Task D | Summary condition 


| 
| 
I II 16 | 8 


6 4I 35 
II 14 14 ao —| 4 e ae 
In 30 sz? Ms Wd 5 107 E 
IV 9 9 | 139 | 2 36 oF 
Total errors | | 
for each task 64 76 | 79 | x7 


The Friedman test was then applied to the four-speed conditions I, II, III and IV. 
This indicated a probability of 0-054 that there was no difference among the conditions, 
which is just short of significance. This, however, was ascribed to the effect © 
including condition IV in the analysis; since, like I, it had two items presented in the 
delay interval, it may be regarded as being the same as I. When conditions IV an 
I were combined and averaged, analysis of variance indicated that the three conditions 
of speed I, II and III were significantly different, at the x per cent. level. à 
/ A Mann-Whitney U test was therefore carried out on the data of Table I. This 
indicated the following two-tailed probabilities associated with the null hypotheses 
that there was no difference between: 


I and II : p < 0-234. 
I and III: p < o-or4. 
I and IV: p < 0-798. 
II and III: p — 0:028. 
II and IV : p < o-r94. 
III and IV: p < 0-006. 
It will be noted that condition III impaired recall significantly more than any of the 
other conditions (at 3 per cent. level of confidence). There were no other significan 
differences among the different conditions of speed. 
h A parametric analysis of variance confirmed all these findings and more 
indicated that there was no significant interaction between the conditions of spee 
and of difficulty. The data were satisfactory from the point of view of homogeneity 
of variances, but it cannot be assumed that the other requirements of the analysis 
of variance were fulfilled. 


over 


DISCUSSION 
(1) Differences between tasks A, B, C and control (D) 


The differences between A, B, C and the control task D were highly significant, 
showing that interpolated activity in the delay interval did impair a delaye 
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alternation task. Although this task is essentially non-verbal, unlike the more 
usual experiments involving recall of a list of digits or letters, verbal rehearsal was 
possible. As has already been mentioned, subjects were told not to rehearse verbally, 
but it is uncertain how far they followed these instructions. Like the subjects of 
Pillsbury and Sylvester (1940) they reported that it was very hard not to, and they 
were uncertain as to how far they had obeyed the instructions. Other experiments 
have indicated that instructions not to rehearse may not have clear effects: McLane 
and Hoag (1943) found in a class-room situation that there was no decline in recall 
with time when instructions not to rehearse were given. It might be interesting 
to attempt a similar experiment to the present one using relatively unrehearsable 


material. 


(2) Differences between the difficult conditions A, B and C 

There were no significant differences between the conditions of difficulty A, B 
and C. This is in contrast with the suggestion by Pillsbury and Sylvester (1940) 
that the amount of the decrement of recall of pictures, nonsense syllables or words 
Was more closely related to the overall difficulty of the interpolated task than to its 
similarity to the recall material. The absence of any difference between C and 
A or B further suggests that the similarity of the interpolated to the recall material 
is not an important variable. This is consistent with Brown's (1958) finding that in 
recall of digits similarity of the intervening task did not produce significant 
differences in forgetting. In different situations, however, the effects of similarity 
have been shown. Baddeley (1964) compared the effects of acoustic and semantic 
similarities of the different words in the list to be recalled. A small but significant 
impairment of recall was found in the semantically similar lists, and a very much 
larger impairment of recall in the acoustically similar lists. However, he pua, om 
this finding in terms of a strong acoustic factor in immediate memory, rather than 
in terms of a general effect of similarity in impairing recall. ] -—— 

One possible explanation of our findings might be that different numbers 1 
mistakes were made on the interpolated task so that the information transmitte 
did not vary greatly over the different difficulty conditions. In fact it can be ace) 
that in the fastest speed condition, III, every subject, except one, made more een 
9n the interpolated task B than on the tasks A and C, and that the excenHOnes 
Subject, 7, made no mistakes on any of the interpolated tasks. Even ice as Ins) 
as 35 mistakes were made, however, the information transmission, strict dede de ; 
Was still high at 232-35 — 197 bits/run. Certainly subjective od Ls a eques 
condition B was more difficult than the rest. It is also possible eae iat eat Ri 
find any differences between conditions was due to there being an insu gri 


i on our measure. In particular, there was a 
sh a e iate the redundancy of A and C. 


Short time i ich the subjects could appreciate y or 
If Atte et o mdi between conditions is a real effect, it might be due to a 
Second factor offsetting the effects of difficulty. It might be that subjects are more 
aroused in the more difficult condition and so make soe veio They did 
complai e as monotonous. If this is so, however, it 1s surprising 

pet ies sees ST then the speed of presentation of items was 


that the t was not seen W nt 
increased m also be noted that the reason why conditions A and C trans- 


mitted no information was that subjects remembered the past sequence; no such 
memory would be involved in condition B. It is possible that the extent to which 
the irrelevant task involves the use of the memory store is an important determinant 


of the extent to which the task impairs recall. 
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(3) Differences between speed conditions I, II, III, IV 


Since the interval was kept constant there was a confounding in this experiment 
of the effects of speed of presentation and number of items. 

It is clear that condition III in which eight items were presented in the 8-sec. 
interval gave significantly more mistakes than did any of the other conditions. It 
therefore appears that varying the number of items presented in the interval does 
have an effect on the main task; the failure to find any significant difference between 
conditions I and II is presumably due to the insensitivity of the method. The 
former finding can be taken as confirming one of the predictions of decay theory, 
ie. that the detrimental effects should vary directly with the extent of reduction in 
rehearsal time, if it is assumed that some rehearsal was taking place in our experiment 
in spite of the contrary instructions. This is consistent with the findings of Brown 
(1958) in a situation where number of items and length of interval were confounded. 
Conrad (1960) found that when a longer series of digits than in Brown's experiment 
was used, the single interpolated response of saying “zero” produced a large amount 
of interference. Postman (1964) interprets this to mean that it is not the length of 
the interval but the fact of interpolation per se which is responsible for the retention 
decrement in this situation. A later study by Pollack (1963) shows that if the number 
of interference digits per second is kept constant and longer intervals are produced 
by adding more digits, then there is a positive correlation between interference 
duration and decrement in recall scores. If, however, the number of interference 
digits is kept constant and longer intervals are produced by spacing out the digits, 
then there is a negative relationship between interference duration and decrement 
inrecallscores. It therefore appears, as is consistent with our results, that the number 
of items presented in the interval is crucial. In any case, we would expect our 
results to be more comparable with those of Brown than those of Conrad, inasmuch 
as the main task is easier than Conrad's. 

The lack of significant difference between conditions I and IV indicates that it 
makes no difference whether the two digits are massed at the beginning of the delay 
period or evenly distributed throughout it. This suggests that it is the number 
and not the rate of presentation of items that is important. 
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EXTINCTION OF A RUNNING RESPONSE AS A FUNCTION 
OF REINFORCEMENT MAGNITUDE 
BY 
R. N. WILTON 
From the Department of Psychology, University of Exeter 


Four groups of rats were trained on different sucrose solutions in a straight runway. 
Terminal running speed was a monotonic function of reinforcement magnitude. After 
training each group was subdivided, one subgroup being extinguished under spaced, the 
other under massed conditions. In spaced extinction the animals trained on non extreme 
reward magnitudes showed most resistance to extinction. It was concluded that resistance 
to extinction is an inverted U-shaped function of reinforcement magnitude found in 
training. The massed extinction trials were conducted with a very short inter-trial 
interval. The animals showed an immediate drop in running speed followed by a gradual 
recovery anda subsequent decline. The number of trials taken to reach the peak recovery 
speed was a function of reinforcement magnitude found in training. Results on both 
massed and spaced extinction trials were interpreted in terms of the facilitatory and 
inhibitory effects of momentary and conditioned frustration. 


INTRODUCTION . 

The relationship between magnitude of reinforcement and resistance to extinction 
is unclear. Experiments in the straight runway (Hulse, 1958; Armus, 1959; Wagner, 
1961) demonstrate faster extinction for rats trained on the larger of two rewards. 
Hill and Spear (1962) pointed out that these results were at variance with Le 
Skinner box studies (e.g. Guttman, 1953) which show that resistance to extinction 
is a positive monotonic function of reinforcement magnitude. In their own runway 
study, resistance was greater following training with a larger reward on both massed 
and spaced extinction trials. The results parallel those of the Skinner box but 
conflict with the other runway studies. s z 

All the runway experiments used only two reinforcement values. This points to 
the possibility that some disparity in results may be due to the sampling of different 
Segments of a curve which shows a non-monotonic relationship between revan 
magnitude used in training and performance in extinction. The present w 
therefore reports the results of massed and spaced extinction after training on one 9 
four reward magnitudes in a straight runway. a in 

Amsel (1958) has demonstrated that extinction trials generate an increase a 
motivation which increases the vigour of responses immediately following in 
reward. The effects of this temporary increase in motivation could be different 1 
the chained trials of the Skinner box and the spaced trials of the runway, again 
accounting for some differences in results. Accordingly the massed trials -— 
conducted with a minimal inter-trial interval, allowing the immediate effects © 
non-reward to influence behaviour on subsequent trials. In this respect massed 
extinction more nearly corresponded to the Skinner box situation. 


METHOD 

Subjects. These were 48 experimentally naïve male hooded rats, aged 10-12 weeks 
at the start of the experiment. 

Apparatus. "This consisted of a runway 6 ft. long and 5 in. high with flat grey wooden 
sides and a wire mesh floor and roof. The Start box section, 12 in. long, was paure 
black. Latency and running times were combined and recorded on a timer, operate 
by a manually lifted guillotine door at the start box and by a photocell 2 in. from an 
aluminium tray which opened into the end of the runway. A iin. diameter hole in oe 
floor of the 1$ X 2 X 2}in. tray enabled the rat to obtain sugar solution from a sma 
fountain produced by a pump. This was activated by an interruption of the photobeam. 
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ea ema Four groups of rats were trained on different reinforcement magni- 
Some op. ee, up 3, 5 sec. of 50 per cent. solution. Group 4, 50 sec. 
Pine ution. So utions were made up by weight of sucrose to volume of water. 
Heer ning. The animals were individually handled for 5 min. per day on the first 
uM ay s of pretraining. On the fourth and fifth days each rat was allowed to explore 
be - ey, the start door and pump having been removed. A 221 hr. deprivation schedule 
s n on the fourth day; subjects received unlimited food for 1] hr. per day. On the 
En x and seventh days each rat was twice placed in the final section of the alley and 
pe ed approximately 15 sec. access to its appropriate concentration of reinforcement. 
des: E: A training trial began by placing an animal in the start box facing the 
tuple he door was lifted 2-3 sec. later, allowing the animal to run the alley. Inter- 
Ss 2 of the photobeam stopped the timer and activated the pump. Each animal was 
off ud access to its appropriate reinforcement. The pump then automatically switched 
d d d the rat was removed 2—3 sec. later. Each rat was given a total of 48 trials, three 
aes first day and five thereafter. Total training time was 10 days. The minimal 
PS 4 rial interval was 40 min. The rats were fed 1 hr. after the last trial. Deprivation 
nditions were equated for all groups and ranged from 16-22 hr. for each member of each 


8roup on each day of training. 
" Extinction, Each reinforcement group was split into two. Four groups (1M, 2M, 
3M, 4M) were extinguished under massed and four (rS, 2S, 3S, 4S) under spaced 
Conditions, 

The pum i 
; À p, which gi 
cenccessible to the rats about r in. 
> P ata with the relationship between the 
Cdures. Corresponding groups in massed and 

ence it did not seem inappropriate to delay 

was complete. 

Massed. This took place in the two days which followed training. Half the members 
of each group were completely extinguished on the first day, the other half on the 
vation conditions were 


following day. The animals were run in such an order that depri 1 
z s follows: A rat was placed in the start box; 


equated for all groups. A trial proceeded a 

Ex: Sec. later the ceo was ssl allowing the rat to run the alley and break the photo- 
beam. The pump operated for 5 sec. The rat was removed 2-3sec. later and 
pays a returned to the start box. This procedure was repeated for a total of 

rials, 
y Spaced. The spaced animals were rested in the two days follo 1g 1 r 
Were then given 5o extinction trials; five per day for ro days. Minimum inter-trial 
Interval was 40min. Atrial proceeded as follows: A rat was placed in the start box and 
2-3 sec. later the door was raised. The pump operated for 5 sec. following a break in 
returned to his living cage. 


the photobeam. The rat was removed 2-3 sec. later and x 
f on any trial an animal's running time exceeded 9o sec. he was removed ; animals on 


massed extinction were returned to the start box, those on spaced extinction to the 
lving cage, A time of go sec. was recorded. 


ave a slight hum during operation, was placed in a position 
from the reinforcement tray. The experiment was 
groups on either one of two extinction pro- 
spaced procedures were not to be compared. 
spaced extinction until massed extinction 


wing training. They 


RESULTS 
n volume of solution consumed by each animal 
0:2 c.c.; Group 2, I'O C.C.; Group 3, 02 C.C.; 


Training. The approximate mea 
ger exposure time thus drank considerably 


9n each trial was as follows: Group I, 
TOUP 4, r-o c.c. Those rats given a lon 
More fluid, 
Group mean running speeds were ordered in the sequence 1, 2, 3, 4 (Fig. 1). 
Initial differences were E iene as response speeds levelled off. A Mann Whitney 
e terminal trials 44-48 gives a 


analysis (from Siegel, 1956) of mean speeds on th 
b < oor for any two groups except 3 and 4. The results confirm those of Kraeling 


(1961) which show that increases in volume have similar but smaller effects on 
Performance than increases in concentration. ol 

. Spaced extinction. As the experimental groups began extinction at markedly 
different levels of speed the rate of extinction was measured according to a method 
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Mean reciprocal running time 
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1 2 3 4 
Blocks of 5 trials 
FIGURE 1 


Running speed in spaced training. 


suggested by Wagner (1961). The speed of each rat over blocks of five extinction 
trials was expressed as a proportion of the mean speed attained on its last five 
training trials. The mean proportions from extinction trials 1-30 was taken as an 
index of resistance to extinction. This measure seemed most compatible with the 
32, 19, and 20 trial measures adopted by Wagner, Hulse, and Hill and Spear. 

_ Non-parametric analysis of variance (Kruskall-Wallis) gave a p < 0'05 for 
differences between the four groups. This justified the use of the Mann Whitney 
test for analysis of difference between any two groups. Table I shows the mean 
proportional speeds for the groups and their associated probabilities of difference. 
Groups 2S and 3S are most resistant to extinction. One way of summarizing the 
results is to simply state that most resistance to extinction is obtained from animals 
trained on a combination of weak concentration and large volume or strong concen- 
tration and small volume. A strong concentration and large volume or a weak 
concentration and small volume is followed by low resistance to extinction. 

However, since differences in concentration and volume have generally 
shown to have similar effects on performance measures (Kraeling, 1961; Collier n í 
Myers, 1961) it seems more appropriate to place the groups on a continuum S 
reinforcement magnitude. Each group can be positioned according to its termina 
training speed; this is known to be a monotonic function of reinforcement magnitude 
(Logan, 1960; Kraeling, 1961). Extinction rate is now seen to be an inverted : 
shaped function of reinforcement magnitude. On this basis it is possible to explain 


been 


TABLE I 
PROBABILITY OF GROUP DIFFERENCES IN SPACED EXTINCTION AND MEAN RATE 


OF EXTINCTION (IN BRACKETS) 
— 


Groups Pp 
IS (2-26) and 2S (3-15) .. 0:047 
IS and 3S (274) .. an 0-021 
IS and 4S (1:97) .. = 0-155 
25 and 35 s. n: £s 0:294 
2Sand4S .. M Et 0-013 


3Sand 4S .. da T 0-013 
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the disparity in results of previous spaced studies. Hulse (1958) and Wagner (1961), 
who both used r and o:08 gm. pellets, found fastest extinction following the larger 
reward; Hill and Spear (1962), using o-18 and o:045 gm. pellets, found fastest 
extinction following the smaller reward. A comparison with the present work 
suggests that these studies sampled different portions of the non-monotonic extinction 
curve, and that Hill and Spear's largest o-18 and Hulse's smallest 0-08 groups are 
analogous to the 2S or 35 groups. Their apparently contradictory results are 


therefore to be expected. 


Figure 2 shows that absolute speed in later extinction is also an inverted U shaped 


function of reinforcement magnitude. Analysis of mean speeds on trials 26-45 
gives 28 as the significantly fastest group. (p < 0:05 when 2S is compared with 
any other group). As both later extinction speed and extinction rate are non- 
monotonic functions of reward magnitude it seems probable that they are determined 
by common variables. On the other hand group 35 is significantly different on rate 
but not on terminal speed, suggesting that the measures are not completely equivalent. 
However, the early extinction curve for 3S looks atypical and no conclusion may be 


drawn with confidence. 


03 


Mean reciprocal running time 


a ENE 
Blocks of 5 trials 


FIGURE 2 
Running speed in spaced extinction. 


Massed extinction. The massed results demonstrate an effect only incidentally 
: Stanley and R 


reported i zji literature owe, 1954; Young and Shuford, 
ud Wesel 1098; Lawrence nd Festinger, 1962). The speed of each group 
shows an initial decline. This is followed by a gradual increase to a peak and then 
another final decline. A trend analysis of speed increase from trial 10 to the peak 
gives the following results: Group T, trials 10-50, f = 0°0003; Group 2, trials 10-45, 
P = 0-007; Group 3, trials 10-40; P= 019; Group 4, trials 10-25, p = 0°05. A 


further non-parametric analysis (Jonckheere, 1954) shows that animals trained on 
larger rewards tend to reach their peak extinction speeds on earlier trials; p = 0006 
(Fig. 3). Thus the position of the extinction "peak" is a function of reinforcement 
Magnitude. 
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Running speed in massed extinction. 
Position of peaks is marked. 
Discussion : 

An explanation of extinction might be given in terms of frustration theory 
(Amsel, 1958). This asserts that non-reward at a goal generates an aversive 
motivational state termed frustration. The standard apparatus for measuring this 
motivational consequence of non-reward is the double runway. A rat is trame d 
to run down a first runway to a goal box (Gx) for food. An exit door is then lifte 
and the rat runs down a second runway for food in a second goal box (G2). When 
reinforcement is omitted in Gr running speed in the second runway is considerably 
increased. This increase in vigour, called the frustration effect (FE), is said to be 
due to the evocation of a frustration response (RF) in the first goal box. . 

Amsel has argued that the aversive properties of frustration play a p 
extinction. A frustration response (RF) is elicited on each non-reinforced trial. 
Alley stimuli then come to elicit antedating frustration responses (rj) and their 
characteristic stimuli (sj) by stimulus generalization and by classical conditioning 
from the goal box. Responses evoked by s, in the alley are assumed to be incom- 
patible with running to the goal. With successive non-reinforced trials the 
competing responses evoked by s, disrupt approach responses evoked by the ante- 
dating goal response %g-Sq, running time increases, and extinction occurs. The 
analysis suggests that an approach tendency (ra) and an avoidance tendency (n? 
jointly determine extinction speed. 

AII the relevant studies (see Logan, 1960) demonstrate that start box latency 
and running speed are negatively accelerated increasing functions of reinforcement 
magnitude. As these measures are directly determined by the antedating response 
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(Fig! » -— tendency) then this may be plotted as a function of similar type 
“Ig. 4A). 
There is only one study which demonstrates a relationship between the frustration 
effect and reinforcement magnitude. Bower (1962) trained rats on a constant 
reward magnitude in the first goal box of a double runway. He then reduced this 
reward on certain test trials. A frustration effect was measured as an increase in 
speed in the second runway. This frustration effect was found to be a linear 
function of the reduction in reward magnitude found in the first goal box. It is 
therefore appropriate to plot the intensity of the frustration response (RF) and its 
antedating response (7,) as a linear function of the reduction in reward magnitude 
experienced at the goal. In the present experiment all subjects were tested under 
similar zero reward extinction conditions but different reward magnitudes had been 
used in training. As in Bower's experiment this gave different reductions in reward 
magnitude for different groups. On this basis it seems reasonable to plot the 
extinction frustration response (RF, 7s) asa linear function of the reward magnitude 


used in training (Fig. 4A). 


fg (Logan) ht 
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ogan and Bower plotting magnitude of 7, and y,; as a 
S 


on of reinforcement magnitude. 


A. Empirical curves from L 
s 26-45 as a function of reinforce! 


B functio 
- Mean running speed on trial 


difference betwi 


ment magnitude. 


: ints on the linear 7; and the 
The maximum intensity een points ; 1 

exponential z, curves appears at some non extreme reinforcement value. At this 

Value the doninafcs of 7, over f will result in little competing behaviour and hence 

Short running times in extinction. At either a lesser or greater value the intensity of 

%s approaches ihat of z, competing responses become more predominant, and 

o 

Tunning time is expected to increase. . : 

In Figure 4A is four groups are positioned on the 7, curve. This was achieved 
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by plotting their differences in asymptotic training speed on the vertical axis. The 
known shape of the curve (taken from Logan) and the positions of the vertical 
points determine the corresponding points on the horizontal axis. 

In Figure 4B group mean running speed on the later extinction trials 26-45 is 
plotted as a function of reinforcement magnitude. Previous deduction from the 
7, and r, functions shows that extinction speed is expected to be maximal for some 
intermediate reinforcement magnitude. Figure 4B demonstrates that this is the 
case; the experimental data gives the required inverted U. The integration of these 
curves in Figure 4 gives strong support for a frustrative interpretation of spaced 
extinction. It would, however, be unwise to speculate on the data concerning 
extinction rate. Factors such as the growth of 7, have to be taken into account; 
even if this was shown to be a simple function of number of extinction trials, it 
would be difficult to predict the exact course of extinction for groups as small as the 
ones used here. 

The preceding analysis cannot of course be applied to the massed results where 
an initial decline is followed by a peak extinction speed. Some rats ran faster over 
five trials at some point in massed extinction than at any time in training. This 
included one rat in group 1M which, after an extension of extinction trials to 149 
was running faster than ever before. This implies that although the initial spee 
decline may be due in part to a change in stimulus conditions, produced by the 
shift from spaced to massed trials, simple adaptation to the new situation cannot be 
wholly responsible for the subsequent increase in speed. It would appear that the 
animals were running under added motivation during some stages of extinction 
When, as in this case, a minimal inter-trial interval is used the situation becomes 
analogous to the double runway. Here frustration, generated by non-reward in 
the first goal box, increases motivation for the immediately subsequent response O 
running in the second runway. In massed extinction any momentary frustration 
produced by the absence of reward in the goal box will still be present when the 
animal is replaced in the start box; thus providing extra motivation for running 0? 
that trial. The fact that the position of the extinction peak is a function of rewar! 
magnitude gives weight to this interpretation. It is to be expected that those 
animals trained on larger reward, being more frustrated, would show motivation 
effects of frustration on earlier extinction trials. It should be noted that the groups 
(especially 4M) show a rather rapid decline from their peak extinction speeds. The 
reasons for this are not clear. It could be argued that conditioned frustration (rj) 
plays a part in massed, just as in spaced extinction. In that case conditione 
frustration, evoked by the alley stimuli, would increase progressively in the direction 
of the goal box. Consequently a gradient of frustration would inhibit approac 
behaviour. For those animals trained on large rewards the effects of both 
momentary frustration (RF) and the conditioned frustration (rj) gradient woul 
operate in the first stages of extinction. Thus the facilitatory effect of the former 
and the inhibitory effect of the latter would produce a successive rise and fall in 
running speed. Animals trained on large rewards would show this effect earliest 
in extinction. 

Alternatively the facilitatory effects of frustration may only operate at low 
intensities. Higher levels of frustration might evoke competing responses which 
disrupt rather than enhance performance. This suggestion is, in some respects, 
similar to Keller and Schoenfield's (1950) interpretation of the irregular first extinction 
curve of the typical operant. An instance of the type of effect may be found in the 
Yerkes Dodson law. The manner in which anxiety influences behaviour is dependen 
upon its intensity. Low intensity levels facilitate ongoing behaviour, higher levels 
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et in eu and anxiety are both motivational constructs; it is quite 
ndia similar laws govern the action of both. Since increases in speed are 
osi; L some studies of spaced extinction (Young and Shuford, 1955; Weinstock, 
Pas awrence and Festinger, 1962) where momentary unconditioned frustration 

ot operate, this second explanation might seem the better one. As frustration 


grows it would first facilitate then inhibit responding, whether on massed or spaced 


tria i ion i i 
ls. The strength of this explanation 1s also its weakness; some increase in speed 


pel predicted for all extinction procedures. The vast majority of studies show 
eiue effect. In fact this author has found only the four mentioned here. Three 
uda are spaced and there are no obvious procedural similarities between these 
e are not shared by some other studies. Further work is required to determine 
e circumstances in which an increase in speed occurs in spaced extinction. 
Finally it should be noted that whilst the massed results may not be directly 


Ea pum with the Skinner box studies they do demonstrate that fine temporal 
in v between trials can havea pronounced effect on the way in which motivation 
xn cm behaviour. It might be that momentary frustration in the highly massed 
Si ction procedure of the Skinner Box has a facilitatory effect on a whole chain 

responses. This would result in more responses in extinction for animals trained 


o; g 
n large as compared with small rewards. 
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THE EFFECT OF SUPERSEDING SIGNALS* 


BY 
ROBERT GOTTSDANKER 
From the Department of Psychology, University of California, Santa Barbara 


Eight adult human subjects were given a step-tracking task in which an occasional 
second signal within 50, 70, 9o, 120, or 240 millisec. called for curtailing or reversing the 
first command. It was found for inter-signal intervals through 120 millisec. that the 
shorter the interval the greater was the reduction in amplitude and duration of the 
majority of responses, with no delay in the effect of the second signal. Where a larger 
change of response was called for, reversal rather than curtailment, there was a greater 
effect. A second signal occurring at the 240 millisec. interval (in almost all cases after 
the start of the response), had no detectable effect. Since the over-all RT was about 
180 millisec., it is evident that for at least the first two-thirds of the RT period the initial 
response is not typically impervious to the effect of a second signal. 

Contrary to the expectations of the uncommitted-period version of the hypothesis of 
substitutive grouping a reversing signal at the 50 millisec. interval did not yield many 
reversed responses. Moreover this view cannot accommodate the finding that for 
intervals through 120 millisec., relatively few distributions of response amplitude can be 
accounted for by the summation of instances of response to the first signal alone and to 
the second signal alone. It is concluded that for these intervals, there were generally 
either overlapping responses to the two signals or else unitary responses in which the 
two signals were grouped to produce a combined effect. 


INTRODUCTION 

A step-tracking task was employed by Vince (1948) in studies which sought to 
answer the question of whether the “wavy” appearance of records of response M 
continuous tracking is ascribable to a basic intermittency of function. In this task, 
the first signal of a pair consisted of a displacement step of the target from the 
central position, and the second signal the return step after a variable period of time. 
She found that when the inter-signal interval was 500 millisec. or less, the reaction 
time (RT) to the second signal was longer than that to the first. The hypothesis 
was offered, based upon Telford's (1931) concept of a refractory phase of voluntary 
responses, that the organizing of a response to a signal received while the subject 1$ 
already busy with a previous signal must wait until the first signal has been processed. 
In other words, there is an impervious period following the first signal. Moreover, 
à second signal which occurs during the response to the first will also have a somewhat 
delayed response. However, Davis (1956), in a key-pressing task, found no increase 
above the normal RT for a second signal which occurred after the end of the R 
period for the first. 

Vince used the reversal of direction of the initial motion as the indicator of the 
start of the second response. It may be objected that the response actually must 
have been under way for some time before the physical requirement for reversal in 
direction could be effected. In fact, Ellson and Hill (1948), in a virtual repetition 
of Vince's experiment, obtained similar results which, through detailed analysis O 
the form of response, they accounted for by the simple linear addition in time of the 
separate responses to the initial displacement and to the return step. Most 
importantly, their evidence showed that with decrease in the interval between 
displacement and return signal, there was a reduction in the amplitude and duration 
of the first response. 


* A partial report on the findings was made at the r963 meeting of the American 
Psychological Association. 
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Vince did state “. . . there is some evidence that the first response may be 
modified slightly by the second stimulus (1948, p. 1560)." In a subsequent study 
(1950), in which curtailing and reversing second signals were used as well as nullifying 
ones, the estimated incidence of undershot first responses increased (e.g. from 33 to 
53 per cent. at the 50 millisec. interval). Further, the usual mode of influence of 
the second signal in these cases which she infers is much the same as that described 
by Ellson and Hill, is that the response to the second signal truncates the response 
which was already started to the first signal. In other words, the responses overlap. 
However, Ellson and Hill contend that linear addition takes place on every trial 
While in the conclusion to her second study Vince still maintains that overlapped 


Tesponses are infrequent. Possibly she did not intend to include responses at the 


shortest intervals, 50 and roo millisec. 
An alternative to overlap as an explanation for reduced-amplitude responses 


Vince in the 1950 study: that is that the two signals were grouped 
ere combined from the onset of the response. However, the fact 
bout the same distribution for long and short intervals 
Also relevant was the finding that reduced-amplitude 
indicating that responses 


Was considered by 
and their effects w 
that RT to the first signal had a 
led against this interpretation. 

Tesponses went with higher RT to the first signal, possibly 


which started later were cut off earlier in their course. 
Another kind of grouping, in which the response to the first signal is not made, 


but instead is substituted for by the response to the second signal was also considered 
by Vince. Contrary evidence was found in another part of the 1950 study which 
Je to start with an initial reversal of the response 


Showed that subjects were rarely ab 
originally called for, even when the signal for reversal followed the first by as little 
as So millisec, However, Welford (1952) suggests that Vince's finding (in both 
Studies) that the subject made no response at all on about a fifth of the trials at the 
Shortest interval of 50 millisec. points to the operation of substitutive grouping on 
some trials. He further suggests that reduced-amplitude responses may m some 
Cases be “token” responses which the subject could have prevented had the instruc- 

nce's failure to 


tions been completely unambiguous. It might be added that Vinc 
obtain many initial reversals might have resulted from weak signal-response 
verse direction. A main purpose 


Compatibility; the second signal was not in the re 1 
of the present experiment was to test an explicit version of the hypothesis of sub- 
Stitutive grouping, that of an uncommitted period which follows the first signal on 
every trial. With effective instructions not to “acknowledge” signals already past, 
à sufficiently brief inter-signal interval should produce responses to the second. m 
Dot to the first signal without exception. Since the period is probably variable 
from trial to trial, the number of such substitutions should diminish and then vanish 
as the interval is made longer. 

Yet another possibility remains. 
Second signal be retarded. That is, psyc 
terms of temporary imperviousness under th 
Phenomenon of central interference. . 

The present study was designed to answer the questions of how generally and 
to what extent the initial response is affected by the second signal, and what is the 
Nature of the effect when it occurs: overlapping responses (with or without retarda- 
tion), combinational grouping, or substitutive grouping. The procedure was similar 
to that of Vince's 1950 study in that the initial signal called for responses of more 

an one amplitude and direction, but differed in that the second signal called only 
for curtailment or reversal of the first response, and never for its nullification. 
onsequently, some recordable response was always required. 


ld overlap, but the effect of the 
fractoriness, even if not valid in 
ions might still be a genuine 


Responses cou 
hological re 
ese condit 
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It should be noted here that there is much evidence which has been cited as 
favourable for an impervious period obtained by procedures where different response 
units such as the two index fingers are used for the first and second responses (e.g. 
Davis, 1956; Welford, 1959). This procedure was devised to avoid the difficulty 
of identifying the start of the second response, inherent in the Vince single response- 
unit procedure. It has been argued that if a delay is found for the response to the 
second signal even when different hands are used, there must be at least as much 
central delay with one hand. However, this change in procedure may well introduce 
new factors and cannot be assumed to represent the sequence of events in the single 
response-unit case. Only the latter method gives anything like direct evidence on 
the problem of continuous tracking, which, as Welford points out (1959, P- 207), 
was “‘the original stimulus to such studies." 


METHOD 
Task 


Below a horizontal row of five neon lamps there was a pointer having for a handle a 
ł in. cube of balsa wood which the subject held between the thumb and forefinger of his 
right hand. His task was to slide the pointer in a groove to whichever of the lamps was 
lighted. The middle lamp was considered the “home” position. The near lamps wery 
centred } in. from the home centre and the far lamps $ in. The width of each lamp we 
iin. the pointer had a width of i; in. A force of about 15 gm. was required to sta 
the pointer in motion. t 

All trials started with the pointer at the home position. Return movements to w 
position were of no interest as they could be anticipated, and often took place before the 
renia signal occurred. 1, with tt 

wo kinds of trials were employed. On an uncorrected trial, with the i i 

home lamp, one of the other ioe wd lighted. Whereupon the subject sould) sud 
pointer as soon as he could to that position. The lamp remained lighted for ai the 
CS yer gn Then the home lamp lighted for about 800 millisec. in preparation 10 
next trial. i i 

On a corrected trial, one of the two far lamps would light for only a id meten s 
coincident with its going off, one of two near lamps would light for the remaince ven & 
700 millisec. before the return to the home position. In effect, the subject wo brief 
new command which either curtailed or reversed the initial command. millisec. 
intervals employed on the corrected trials were: 50, 70, 90, 120, ane UR ticular 
Needless to say, the subject was not informed in advance as to whether any par 
trial would be corrected or the response which would be required. 


pointer at the 


Instructions 


Following are the significant portions of the instructions, which were read laud, e 
thesubject. Those shown in italics were not only read before the start of the experim 
as à whole but also before every test session: t as 

“The target moves in jumps from place to place. Your task is to stay on E eve 
much as youcan. You should try to be where the target is and not be concerned with wher 
it was ov where it will be. You must move the control as quickly as you can. It ine 
necessary for the pointer to be precisely in the middle of the target mark; just keep 
pointer within the lighted band." 

As is evident, there was great emphasis placed upon contemporen' 
signal and on the avoidance of anticipating. 


eity of response with 


Programme 1 
Signals were sequenced by the combined action of two stepper switches. How 
the short intervals on the corrected trials were precisely determined by a time-inte e 
generator triggered by the mechanism for the selection of signals. There were se m 
times as many uncorrected as corrected trials. On the uncorrected trials there erum 
close to the same number of trials for each of the four positions; on the corrected Fi ur 
there were the same number for each type of correction (e.g. initial-left, curtail) an 


each of the inter-signals intervals. 
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. The programmed sequence consisted of 160 trials with the different possible events 
In scrambled order. On each of the four test days, the programme was gone through 
five times, giving each subject a grand total of 2,800 uncorrected trials and 400 corrected 
trials, During a test day the trials were given in nine blocks, each starting at a different 
Point in the programme (to prevent memorizing). There was a 2-min. rest interval 
between successive blocks. The daily session lasted about an hour. A practice session 
of the same length was given the day before the tests started. 


Measurements 


Signals and responses were ri 
metric recorder. The output Oo 


The subject’s control handle was attached 
Output of which actuated the second pen. The recorder paper moved at a speed of 


125 mm./sec., allowing determination of points in time to the nearest ro millisec. 
Amplitude was recorded on almost the same scale as the response itself. The $in. 
(15:9 mm.) between the centre lamp and either far lamp showing as 15:3 mm. on the 
recording paper. Measurement was to the nearest millimeter on the record. 

"Three basic measures were obtained: reaction time, amplitude of initial response, and 

duration of initial response. The method of measurement is shown in Figure 1. 
Independent measurements of all of the records were made by two readers who were 
unaware of the significance in the experiment of any of the measures, and differences 
Were reconciled by one of the readers. Also, it should be noted that the trials for each 
Subject were scored in sequential order, not segregated as to experimental condition. 
On the signals to the right, an apparent initial pulse to the left is seen. This is simply 
a recording artefact. The lamp was lighted at the bottom point of thestroke. Distances 
Of signal deflection on the chart are not proportional to display distances. 
. Reaction tim in Fig. 1) is the interval between the onset of the signal (first signal 
in the case ot m ded ial) and the onset of the response. It will Ed noted ex E 
Signals in Figure r are: (A) to the far left and uncorrected ; e to t A saat ee 
uncorrected; (C) first signal to the far left, reversed after 50 millisec; (D) gn 


the far right, curtailed after 90 millisec. 


Amplit are i; ; 
comectea tras) pes s f the percentage of the require- 
ment of the far response, i.e. of the $in. between the home lamp and S far lamp a E 

Because of the asymptotic nature of many of the responses (note Fig. uJ ) i ders 
found possible to get reliable a rers as to the point in time w a 
maximum amplitude was reac asure of Duration employe 
here was the time interval between 
ere within 1mm. of the maximu 
&belled “D.” . ; 7 x d 

Irregular types of response obtained are shown hier Nor en hoy i 
Seen a “w -direction'' response. r a admet 
direction Br ius tise prescribed by the signal—or the ae EERI pes ud Meine 
In 2B there is seen another wrong-directon movement, but v Ti nay be note 
Corrected. is seen an example of an am moe ante 
that while er de examples of responses in Figures I and SN ASR ES oe 
at the instant of maximum velocity, here ee are ee: rely 1 Nr 
In Figure 2A has an exceptionally short RT, 7 Mee Mar Ne Td 


Occasi i millisec. The example in 2 à : e 
ceo gom pid trials were scored. The exceptions were those which 


É r a random 
Occurred at the outset of a block of trials. e numbe: 


ecorded continuously on a two-channel Brush galvano- 
f the signalling apparatus actuated one of the pens. 
to a linear potentiometer, the continuous 


response (or initial response for 


m amplitude. 


Because of their larg 
ected trials. A both corrected and 


trials, 
cow d was taken of the i eof such ope ce ý For each of the four 
DL see Mi [epar an average of about 60 trials scored for each subject. 


i initial si ight, followed at 70 millisec. 
E ituations (e.g. initial signal to right, [ : 
pissed sina tb] S hers ere AN about 20 trials for each subject, in almost 


all cases between 15 and 25- 
Subjects 
Four were members of the project, and 


Eight men participated in the experiment. : i 
ranged in age Ae D 45. The other four were paid 16-year-old high-school students. 
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FIGURE 1 


Signals for various conditions, typical responses, and measurements. 
(The large hand-written numbers are trial identifications.) 


RESULTS 
Reaction Time 
Figure 3 shows the mean values for the eight subjects of the median RTs for the 
various conditions. Mean values of Q (semi- -interquartile range) are also presented. 
All of the scored trials were used for this analysis. It is first of all seen that median 
RT is quite short for this kind of task. Values centre around 180 millisec. This is 
considerably shorter than the RTs found by Vince and by Ellson and Hill. Waiting 
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A. Wrong-direction response (sh 


SESsee! 


PRINTED IN USA 


BEE: 
ER 


D. LongRT 


Amorphous response 


FIGURE 2 
Examples of irregular types of response. 


for the second signal doesn't seem to have occurred, a possible explanation of grouping 


mentioned by Welford (1952). y 
. No consistent differences are related to length of interval, so if the second signal 
did influence the initial organization of response, it did so without increasing RT. 
No consistent differences in Q emerge either. A consistently shorter RT to the right 
is noted. Tt would seem probable that this indicates no more than the usual prefer- 

ence for-right-going motion. k 
he 240 millisec. interval, the response had been started 


o It may be added that at t 
n 94 per cent. of the trials before the appearance of the second signal. 
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Mean values of median RTs and of Q (semi-interquartile range). 


Wrong-direction responses 

These were right-direction responses in respect to the second signal if a reversal 
was called for. However, the reference taken was the first signal of the pair or the 
single uncorrected signal. It was found first that there was a great deal of variability 
among subjects in the number of such responses. Whereas subject 2 and subject 3 
made fewer than one per cent, wrong-direction responses, subject 8 made over 
I3 per cent. 

Table I shows the average percentage for the eight subjects of wrong- d 
responses for the various conditions. It is seen that they were never in the majority, 
even for the conditions which might be expected to favour them. Consequently, 
it must be concluded that if the second signal affects the response from the outset, 
its contribution is less than that of the first signal. Vince (1950) obtained substantially 
the same finding. 

Now attention may be given to whether these responses were most prevalent for 
the reversal, short-interval condition. Comparisons with the uncorrected trials, 
where only a far signal was given, are most to the point. First, it should be noted 
that on the uncorrected trials there were more reversals on signals to the left: 
another example of the right-going tendency. Next, it is evident that for the 
left-reversal condition, 50 millisec. interval, there were more wrong-direction responses 
than for the uncorrected condition (r5:3 per cent. vs. 4:2 per cent.). Within the 
much smaller number of wrong-direction responses for the trials with the first signa! 
to the right, the same difference is seen (5-6 per cent. vs. 0-6 per cent.). 

These over-all results are reflected in the data of the individual subjects. In all, 
16 comparisons may be made between the reversal condition with the 50 millisec. 


direction 
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Pc ui oy far uncorrected condition in terms of percentage of wrong-direction 
ue ev 14 of these comparisons, there wasa higher number for the reversal 
cupri y way of contrast, in the comparison of the curtail condition (again 
he 50 millisec. interval) with the far uncorrected condition, there were slightl 
more cases of a larger number of reversals for the uncorrected condition. ToS 


TABLE I 


MEAN PERCENTAGE OF WRONG-DIRECTION RESPONSES ACCORDING TO 
EXPERIMENTAL CONDITION 


ae eee 


Interval (millisec.) 


| 
| 
Corrected | 3o 70 go 120 240 Uncorrected 
Left-far | Left-near 
Left-Reverse | 153 12:3 59 8:8 22 42 6:6 
Left-Curtail zal 36 5'2 6:1 46 40 
Rint Reverse 5:6 1-0 1:6 o5 r6 | Right-far | Right-near 
ight-Curtail 2:8 r6 38 o8 o8 0:6 2-0 


oj ee (eee O 


rmised that the wrong-direction responses in the 
he second signal alone. It will be shown in 
f lesser amplitude than responses made to the 


ted. 


However, it should not be su 
reversal condition were controlled by t 
the next section that they tended to be o 
Second signal when it was presented uncorrec 


Amorphous responses 
ee Great variability among subjects w: 
T oe those in which there was mor 
€ range was from 1:8 to 30°6 per cent. 
The only unequivocal difference was that between the far 
Patterns, There were in excess of six times as many amorp: 
far patterns. This is as would be expected, the chance for in! 
&reater for a higher-amplitude response. None of the eight subject 
number of amorphous responses for the near signal, on either side. 
Differences found for the corrected patterns were inconsistent throughout. Over- 


all about the same percentage of amorphous responses was found for each of the four 


Shortest intervals. 


as found in their percentage of amorphous 
e than one inflection in the response curve. 


and near uncorrected 
hous responses on the 
flection being much 
s showed a greater 


Amplitude 
The most important data of the 


of the second signal are the values o 


amplitudes for the eight subjects are shown in Figure 
Values of the median durations. The lower curves show mean values of O. Tt 


should first be noted that the points in Figure 4 included only those responses in the 
rection of the first or uncorrected signal and those on which there was no possibility 
that a “safety-first”’ technique was adopted, in which a short response was made, 
Which was extended if no correction signal was immediately forthcoming: i.e. wrong- 
direction and amorphous responses were excluded. For each of the four uncorrected 
Conditions between 27 and 97 trials entered the analysis for each subject. For the 
Corrected situations, there was but little reduction in the number of trials for some 
Subjects but more Jate reductions (down to 12 trials or even fewer) occurred for 


present study relating to the extent of influence 
f amplitude of response. Mean values of median 
4. Also shown are the mean 
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other subjects. Excluded responses have already been considered in previous 
sections and the effect of their elimination will be discussed presently. 

Required amplitudes were 100 per cent. for the uncorrected far signals and 40 
per cent. for the near signals. It is seen that the far signals tended to be slightly 
undershot, with an over-all mean amplitude of about 95 per cent., and the near 
signals slightly overshot, with an over-all amplitude of about 45 per cent. It is 
evident that as interval increases, amplitude does likewise without exception. The 
longest interval, 240 millisec., gives medians almost identical with those for the 
uncorrected condition. 

This increase of amplitude between successive intervals is borne out in the data 
of the individual subjects. Since for each correction-condition there are four 
comparisons between successive intervals, for the four conditions there are 16 such 
comparisons. Over the eight subjects, then, there are 128 comparisons between 
successive intervals. In only r7 instances did the median amplitude of response 
fail to rise from one interval to the next longer. Seven of these failures occurre 
for a single subject. 
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FIGURE 4 
Mean values of median amplitudes and durations, and corresponding mean value 


s of Q. 


Two other kinds of differences are notable. Higher amplitude responses were 
consistently made to the right, although this is not so clearly the case for responses 
to the near signal. Again, the most likely explanation is the preference for left- 
to-right motion. More important for the present consideration are the lower 
amplitudes for the reversal condition than for the curtailment condition at the two 
shortest intervals. Separate comparisons were made for initial signal to left and to 
right on these two intervals for the eight subjects: 32 comparisons in all. Of these 
comparisons, 25 show lower amplitude for the reversal condition. 

There is some indication that variability, as measured by Q, is elevated for the 
shorter intervals, and especially for the two shortest intervals under the reversa 
condition. Any precise comparison of variabilities becomes questionable because 
of the small number of cases in each distribution. 

It is obvious that if the wrong-direction responses had been included in the 
determination of median amplitudes, the effect would have been to enhance the 
relation. between interval and amplitude for the reversal condition, since à dis- 
proportionate number of these responses occurred at the shortest intervals. The 
necessary elimination of amorphous responses could not have introduced any artefact. 


~ 
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There was no disproportionate number of responses eliminated for any correction 


condition. 


Perhaps the case has not been made convincingly that individual amplitudes for 


intervals shorter than 240 millisec. were not generally determined by the first signal 
alone. Might it not be possible that the initial response was only “modified slightly" 
by the second signal, either in terms of the extent of effect or the percentage of cases 
in which there was any effect? This does not seem conceivable in light of the degree 
to which median amplitudes for the different intervals deviated from the 95 per cent. 
value for the uncorrected far responses: 50 per cent. for the 50 millisec. interval, 
60 per cent. for the 70 millisec. interval, and 70 per cent. for the 9o millisec. 
interval. 

Comparison of individual distributions (one subject, one correction condition, 
one interval) with the median amplitude for the far signal uncorrected only reinforces 
the foregoing conclusion. If a subject responds exactly the same on each trial to a 
given condition-interval combination as he does to the first signal when uncorrected, 
50 per cent. of his responses will have amplitudes greater than the median amplitude 
for the uncorrected condition. By extension it may be argued that if 25 per cent. 
of the amplitudes are above the median, he will have made 50 per cent. of his 
responses just as he did to the uncorrected first signal. Actually, this is the highest 
possible estimate. Many or even all of the responses could be of lower amplitude 
than they would have been without the second signal. Nevertheless, this criterion 
was selected in order to detect all distributions in which there was a possibility that 
half or more of the responses were made to the first signal alone. Wrong-direction 
responses were included in this analysis, making the distributions slightly larger in 
some cases than those used for finding median amplitudes. There were à few 
responses to the near signal alone which were greater in amplitude than the median 
for the far uncorrected condition (fewer than 0:5 per cent.). The effect of such 


responses on the classification of corrected trials would be inconsequential, and could 
s possibly attributable to the first signal alone. 


re shown in Table II, under the heading ST. / It 
al, 30 of the 32 distributions met the criterion. 
It is likely that the two which did not were the result of sampling error as it was 
Shown previously that the over- i litude was not lower than for the 
uncorrected signal For 20 mi Eu ], 17 of the 32 distributions meet 
the criterion, and Tor t , only seven of the 90 distributions. 
Thus, for intervals through 90 
butions on which half or more © 


first signal alone. : ow 
It is held by the uncommitted-period version of the hypothesis of substitutive 


grouping that those responses not made to the first signal were made to the second, 
rather than to a combination of the two. Actually, two questions are involved: 
(1) Are there distributions in which all of the amplitudes may be accounted for by 
responses to one or the other signal? (2) If so, do these distributions contain 


responses attributable to each of the signals? — — 1 
If he amplitudes are beyond either the median amplitude for the 
Vlr a agio S d the median amplitude of the second signal 


first signal when uncorre 

when FO id all of the responses may be attributable to responses made to 

one or both signals without combinational effects. Since there doubtless were 
à Instead, the criterion selected 


Sampling errors, this is too strict a criterion to apply. 
oan litudes falling beyond either median. For the 


was that of 40 per cent. of the amp t ) n. 
first signal beyond, as before means of higher amplitude. For a curtailing second 
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signal, it means of lower amplitude; for a reversing second signal, it means of higher 
amplitude in the reverse direction. 

Results of this analysis are shown in Table II under the heading Ei. At the 
240 millisec. interval the majority of distributions (27 out of 32) meet this criterion. 
At the four other intervals it is met by only r9 of the 128 distributions. Of the 46 
instances in which the criterion is met, there are 45 where it is satisfied by amplitudes 
beyond one of the medians alone. It is even typical for there to be xo trials beyond 
one of the two medians (39 of the 46 instances). For the separate distributions 
there was not a division of responses to each of the two signals. 


TABLE II 


NUMBER OF DISTRIBUTIONS WITH 25 PER CENT. OR MORE AMPLITUDES 
BEYOND MEDIAN For First SIGNAL UNCORRECTED (S1), 
BEYOND MEDIAN FoR SECOND SIGNAL UNCORRECTED (S2), 
OR WITH 40 PER CENT. OR MorE Beyonp EITHER MEDIAN (Ei) 
SN eles iP A ae qt cu TM 


Interval (millisec.) 
T 50 | 70 | O 120 240 
Correction — \ : ? | 1 = 
Condition sr | Ei | S2 | Sr | Ei | S2 | Sz | Ei | S2 | Sr | Ei | S2 | Sz | Ei | 5? 
| as 
Left-Reverse ;| o o o o o 2 I 0| 4 2 o 8 8 o 
Right-reverse E I o 1 I o I 1 o | 6 t o|8 6 o 
Left-Curtail elaxittlereis]|e]|^* 213|2]|0o|7/]|6]|9 
Right-Curtail E: 1 2lo|^6]|^* 1 o|2]|4 1 o | 7 $e 
Total of the | | 
32 possible ..| 2 6 & | 2 3 4 | 4 4 4 | 17 6 Oo |30 |27 o 


———X 'n— Lo — —— a —MÀ————— M ——X 


Now it is appropriate to ask the same question concerning the control by the 
second signal as was asked relative to the first. In how many distributions may half 
or more of the responses possibly be attributed to the second signal alone. The 
25 per cent. criterion was applied to amplitudes beyond the median for the second 
signal. Results of these comparisons are shown in Table II under the heading 52- 
There was a small number of responses to the far signal alone lower in amplitude 
than the median for the near signal alone (less than 3 per cent.). The effect of suc 1 
responses on the classification of corrected trials would be inconsequential, and cou 
only raise the estimate of responses possibly attributable to the second signal alone. 

There are no distributions which meet the criterion for either reversal condition. 
Even when just the wrong direction responses were considered at the 50 an 
70 millisec. intervals, only 11 of the 48 were beyond the median for the second signal. 
The instances of reversal responses described previously do not in the majority O 
cases represent sole control by the second signal. For the two curtail conditions, 
no distribution meets this criterion for either the 120 or 240 millisec. interval. por 
the three shortest intervals, there are a substantial number of distributions which 
qualify, especially for signals to the left at the 50 millisec. interval. 

The evidence in Table II, then, is that except at the 120 and 240 millisec. inter 
there are relatively few distributions of amplitude where even half of the responses 
may possibly be attributed solely to the first signal. This extent of control by the 
second signal alone is seen only for the curtail condition at the shortest intervals. 
The situation was not often found in which the bulk of amplitudes could be accounte 
for by response to one signal or the other. The majority of responses at intervals 
through 90 millisec. and almost half at 120 millisec. must represent the combine 


effect of the two signals. 


vals 
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Duration 

, Referring back to Figur 
with amplitude, generally. 
gators. Increase in dura 
amplitude. Only one exception occ 


e 4, it may be seen that duration of response increases 
This is in accord with observations of previous investi- 
tion with interval is almost as impressive as that of 
urs in the over-all records: the mean duration on 


the right-curtail dipping from 105 millisec. at the 70 millisec. interval to 104 millisec. 
at the go millisec. interval. Of the 128 comparisons on the curves of individual 
subjects, there were only 18 failures for duration to rise between successive intervals. 

. It is noted that the very longest median durations are less than 150 millisec., a 
bit shorter than the over-all median RT. Thus, there seems no possibility that the 
subjects used the technique of breaking responses into an initial and a corrected 
portion. This may conceivably be the case for some of the amorphous responses. 
However, it will be recalled that these responses were not used in the analyses of 


median amplitude or duration. 

It has already been demonstrated in both the amplitude and duration data that 
the subject was not impervious to the second signal. Still, there may have been 
an interference effect of the first signal. This would make the time between the 

ie. its RT) longer than a normal RT. 


Second signal and its first noticeable effect ( t a 
It was not possible to determine the initial effect of the second signal in the present 


study. However, this effect must have occurred before the point in time used for 
determination of duration, the instant at which the response reached within I mm. 
of its maximum amplitude. Hence, if this point is reached within an amount of time 
not markedly longer than the normal RT, it cannot be held that there was a delay 
in the influence of the second signal. This holds true regardless of the kind of 
correcting signal. Since the duration values for the left-reverse condition are 
generally lower than those for the three other correction conditions, they have been 
Selected for examination. 

The mean value of median duration for the 50 millis 
When coupled with the 180 millisec. RT for this interv 


criterion amplitude (1 mm. from peak) was reached with a 
Second dena (180 — 50 + 79). Similar comparisons for the next three intervals 


show: 7o millisec. interval, RT of 179 millisec. and time to criterion amplitude, 
204 millisec. ; go millisec. interval, RT of 190 millisec. and time to criterion gu. 
195 millisec.; 120 millisec. interval, RT of 177 millisec. and time to criterion ampli- 
tude, 177 millisec. Thus, jt cannot be said that there was any ag increase v 
a normal RT in the length of time required for the second signal to have an eliect. 


ec. interval was 70 millisec. 
al, it is indicated that the 
in 200 millisec. after the 


c and reaction time 
e responses at the short intervals were 


first signal was high. In order to determine whether 
there was the same tendency in the present experiment, rank-order correlation 


Coefficients (rho) were obtained between amplitude and RT. As can be seen in 
Table III, which presents the median values for the eight subjects, the negative 
relation generally did hold for intervals through 120 millisec., but not for the 


240 millisec. interval nor for the uncorrected conditions. 


Correlation between amplitud 
Vince (1950) found that low-amplitud 
Most frequent when RT to the 


DISCUSSION 
that there was generally a graded effect of the second 
Is of 50 through 120 millisec. there was greater 


What is most evident is 
f the initial response as the inter-signal interval 


Signal. For inter-signal interv 
reduction in amplitude and duration o 
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i s e very short intervals, a reversing second signal brought about 
s Le on ne “tid a curtailing signal. There was no effect of a second 
ed which occurred at the 240 millisec. interval, by which time the response 

been started. 

mx qc epeaeisie to point out that these findings make untenable the 
existence of an invariable condition of imperviousness during the RT period. E: 5 
important to note that an effect of the second signal for intervals through 9o s td 
was not a rarity; it was the usual occurrence. On very few distributions 0 2 
individual subjects could even half of the responses be ascribed, by the most genero 
standards, to the first signal alone. 


TABLE III 1 
MEDIAN VALUES FOR RANK ORDER CORRELATION (RHO) BETWEEN RT AND AMPLITUDE 
.. tuu ——————————————— SERE 


Interval (millisec.) 


Corrected 50 70 90 I20 240 Uncorrected 
| Left-far Lettniest 
Left-Reverse | —0:43 | —o32 | —o:332 | —o-32 | —o-0g | —oor 0:9 
Left-Curtail ..| —o-18 | —o:28 | —o-19 | —o:26 O-I4 r ear 
Right-Reverse| —o-48 | —o:34 | —0:37 | —o-24 | —o-07 | Right-far Right- 2 
Right-Curtail | —o:26 | —0-35 | —0o23 | —oo8 | ors O-OI T 


p— ———— A 


Whether there were any responses at the short intervals which were uninfluenced 
by the second signal cannot be decided with certainty. There is no way of knowing 
what the amplitude of an individual response would have been had there been no 
second signal. However, this is not an issue in the present inquiry. It cannot, 
doubted that a subject is capable of disregarding the second signal; the real questio 
is whether he is capable of utilizing it. There is no room for doubt on this score 

As for the possibility that the first signal had at least the effect of increasing j 
to the second signal the evidence—although admittedly indirect—is negative. d 
influence of the second signal on the initial response did not appear to be delay? 
beyond a normal RT. y 

The uncommitted-period version of the hypothesis of substitutive grouping lead 
to the expectation that with extremely brief inter-signal intervals, the response TS 
be controlled entirely by the second signal. There was some evidence this CO" 
happen under the curtailing condition; but not under the reversing condition. | A 
course, an even briefer inter-signal interval might produce a majority of response 
which are accountable for by the second signal. However, the question would d 
have to be considered of whether there was an actual perception of successio 
between signals. It seems implicit in the statements of the substitutive grouping 
hypothesis that while there is awareness of succession, the response is neverthele 
made to the second signal. The aspect of this hypothesis which was not at in 
realized was the determination of response by one signal or the other. No lar 
number of distributions could be attributed to summation of instances of response 
to the first signal alone and to the second signal alone. eri 

A firm demonstration that there indeed were responses which were determine 
solely by the second signal could not be accommodated by the hypothesis of ove! 


: ; à 
lapping responses to the two signals. Unfortunately, the present evidence 
inconclusive on this question. 
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Ronin. een. g ep n ees as an explanation for which 
: : ve evidence and no strong contradi i 
e Mas tine hypothesis. which remains tenable is that E bsec Mose 
siens ae us be maintained that for some period following the first signal, a second 
a introduced, will influence the initial response from the outset, in some 
met en epi) to the exclusion of the influence of the first signal. There still 
RT aa a state of imperviousness toa second signal in the final portion of the 
a period. Although, the negative correlation between amplitude and RT, without 
rease in the variability of RT at short intervals, gives more support for overlapping 


re i i is i 
sponses, as Vince (1950) points out this is not unequivocal evidence. A test 


between the two hypotheses would be to determine whether the effect of the second 


pati is found at the very start of the response, or as held by the hypothesis of 
It erlapping responses, only after a period of one RT beyond the second signal. 
BR 1s planned in a future study to make a continuous record of instantaneous 
celeration during responses to corrected and uncorrected signals to obtain evidence 


on this question. Preliminary work has already been undertaken (Gottsdanker, 
+ and Mr. J. Senders, who assisted in the 


1963). 
Especial thanks are given to pr. L. Braley 
i Appreciation is also due to the many 


pus and conduct of the expe 

rs hologists with whom the writer disc ; analyses he had made of the 

Re a. The project was supported by the United States Air Force Office of Scientific 

2 search, Contract AF 49 (638)—73% with additional help from research funds granted 
y the University of California. 
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DISRUPTION OF A POSITION-REVERSAL LEARNING 
SET IN THE RAT 


S. D. DALRYMPLE and R. STRETCH 
From the Department of Psychology, University of Alberta, Edmonton 
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Nineteen rats were required to learn a series of 15 position-reversal problems in à 
T-maze (Phase A) and were then assigned at random to two groups. The acquired 
position-reversal set (PRLS) was then subjected to disruption over So trials in which 
different reward treatments operated for each group (Phase B). For a further 150 trials 
following the disruptive phase, the initial conditions were reinstated (Phase C). Results 
showed that rats receiving non-reinforcement during Phase B returned to the asymptotic 
performance recorded in Phase A within 2-3 reversal problems while those receiving 
20 per cent. random reinforcement during Phase B failed to re-acquire the PRLS within 
15 reversal problems. The results indicate that random 20 per cent. reinforcement, 
applied after establishment of a PRLS in rats, displaces by persistent random-responding, 
the ‘‘Win-stay-Lose-shift”’ hypothesis appropriate for PRLS attainment. 


INTRODUCTION 

In serial position-reversal experiments, subjects learn a number of positional dis- 
criminations in which the location of reward is changed from problem to problem in an 
alternating sequence. Although several investigators (North, 19504; 1950b; Dufort, 
Guttman and Kimble, 1954; Pubols, 1957; Stretch, McGonigle and Rodger, 1963; Stretch, 
McGonigle and Morton, 1964), have reported a progressive improvement in reversa 
performance over a series of such problems, a search of the literature reveals that there 
have been no experiments carried out to examine the effects of procedures designed to 
disrupt performance of a position-reversal learning set (PRLS). The present study 
represents an approach to this problem. After establishment of a PRLS, the rats were 
assigned to two treatments: (i) 20 per cent. intermittent reinforcement and (ii) omission 
of reinforcement, These conditions were in effect for 8o trials and the original diede 
contingency was then reinstated. Performance might then be affected adversely in ore 
of three ways: (a) the PRLS could be disrupted and the instrumental (running) res 
maintained; (b) the running response could be disrupted and the set retained; and (2) 
might be impaired. 


METHOD 

Apparatus 

The apparatus, which has been described in detail in a previous repo 
McGonigle and Rodger, 1963), was an enclosed T-maze consisting of a start bi 
and choice-point, two arms, and two goal boxes. Doors were made of brown pum 
and the rest of the maze was grey. Each goal-box entrance was covered by a mdi o 
swung inwards only, thus preventing retracing; guillotine doors separated the arms E: as 
the runway. White noise was used to mask incidental sounds and illumination V 
provided by a. 100-w. bulb suspended above the choice-point. 


rt (Stretch, 
ox, runway 


Subjects à 

The subjects were 19 male albino rats (mean age: 75 days); they had not been ku 
previously for experiment. All of them were habituated to handling during 
establishment of a 23-hr. food deprivation schedule. 


Experimental design n 

Subjects were required to learn a series of position reversals in the T-maze. Decet 
received 10 trials a day throughout the experiment, the correct position ped 
reversed each day. The experiment was divided into three procedural phases: 
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Acauisition (A), “Disruption” (B), and Re-acquisition (C) of the PRLS. During the 
ee „phase each animal received 15 position-reversal problems. For the 
isruption” phase, they were assigned at random to two groups: Group RR (N — 19), 


rewarded at random on two of the 10 daily trials and Group NR (N — 9) receiving no 
ase, 8o trials (10-per-day) were given 


reward throughout this period. During this ph: 

md for scoring purposes, two criteria were employed: (i) the “correct” position alternated 
P m day to day so that “errors” could be compared with the positional responses during 
a pU and (ii) if any rat failed to enter one of the goal-arms within 30 sec., it was 
Y oved and a "time-error" was noted. During Re-acquisition (C), each rat received 
LE trials under conditions identical to those of Acquisition, i.e. it was possible for it to 
al ain reinforcement on every trial providing the correct positional response, which 

ternated for each block of 10 trials, was made. 


Procedure 


A 23-hr. food deprivation schedule was established during a period of 10 days prior 


to maze-training; water was available in the home cages at all times. Ten pre-training 
trials were given over 4 days and, on the basis of the last five of these, the position 
preiorénce of each animal was determined. The following day, discrimination training 

egan according to the above design; on problem 1, all subjects were required to run 
against their positional preferences, ie. reward (wet mash) was located in the non- 
preferred goal box. The procedure on à given trial was as follows: the experimenter 
placed the rat in the start box and raised the door, lowering it again when the rat entered 


the runway. After it had entered one of the goal-arms, the two guillotine doors at the 
A non-correction procedure was used. If 


choice-point were lowered simultaneously. 

the rat made a correct response, it was required to push through the goal-box door and 
Was permitted to eat for 10 sec. If it entered the negative goal-arm, it was detained 
for ro sec., the goal-box door being locked on that side. On completion of a trial 
the rat was removed to await its next trial; the inter-trial interval throughout the experi- 
Ment was about 2 min. On each trial the experimenter recorded whether the subject 
i time-errors that 


was correct or not and, during the “disruption” phase, noted any 
occurred. 


RESULTS 
3 All subjects received the same treatment during the acquisition 3 M 
vere assigned at random to two treatments for the subsequent (disruptive) phase. For 
Purposes of analysing the data, however, the groups were treated at acquisition as if 
they were already assigned to their respective conditions. The mean percentage of 
Correct responses per trial for blocks of five problems during acquisition (A), a block of 
eight “problems” during disruption (B), and for blocks of five problems during re- 
Acquisition (C) are plotted in Figure I which serves to summarize the results as a wel 
uring acquisition (A) all subjects acquired wi al facility position Temm 
learning sets; no significant difference in terms of the rate of acquisition © T Mere 
e als that were the tments 8 


Was found between anim 
tended to respond essentially at 


hase B, 
Duri aancssuive" phase (B), both group? 
pw pe phase ely 50 per cent. of their responses to each goal- 
AY d inforcement continued 


ion phase and thereafter 


Subjected t 1 x 1 

o non-reinforcement tendec 

enter a goal-arm within 30 sec- ; 29 a result, the mean percentage 

on average lower (by 10-15 PCT cent.) for this group during Phase B. yb 
In order to determine the difference in peiorem Lern: oma (A) on 

re-acquisiti s, the Wilcoxon Jatched-Pairs Signed Ranks tes 

Dope e the two ty le lems and the first five re- 


(Siegel p ied to the last five acquisition prob 
iyu EU DE PUE mus group independently. For those subjects rewarded 


Tandoml i i tive phase (Group RR), a deterioration in performance was 
found i uring the dar owever, the group receiving non-reinforcement (Group NR) 
Showed improvement in performance he reinstatement of the original reward 


contingency : " 

AA 0p = 2 o1). 

The uem d performance between the two group: 
Clearly evident from Figure 1 (Phase C), and were tested by means o 


after t 


s during re-acquisition are 
f the Mann-Whitney 
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test. The result indicated that Group RR was significantly inferior to Group NR 
throughout this phase (U = 0; ny, 10; n, 9; P< o-oo1) although there is evidence of 
improvement in the performance of Group RR as Phase C continued. Significant 
differences in performance remained, however, throughout the 15 problems comprising 
re-acquisition. 
Discussion 

The main result to emerge from this study is the fact that those rats receiving non- 
reinforcement during the second phase of the experiment returned within the first 20 trials 
of re-acquisition to the level of performance they had attained at the end of the acquisition 
phase. On the other hand, the intermittently-rewarded group was significantly less 
efficient in re-acquiring the PRLS and, after 15 re-acquisition problems, had failed to 
attain the level of performance formerly reached in acquisition. 


percentage correct responses 


1-5 6-10 1-06 I - L 
mim mimm mim mim mim ee min 


Trials 1—10 per problem block 


FIGURE 1 


Mean percentages of correct responses per trial for blocks of five problems during 
Acquisition (A), one block of eight “problems” during “Disruption” (B), and for bioa 


of five problems during Re-acquisition (C). The broken line denotes Group NR an 
unbroken line Group RR. 


It was observed during the course of the “disruptive” phase, that the running mm 
of the non-rewarded group gradually increased. By the fifth "problem" of this P 85 f 
time-errors had begun to occur and it was evident that the instrumental response d 
running for rats in this condition had been impaired. For the randomly-reinforce 

20 per cent. group, however, the reduced frequency of reward was adequate to maim or 
the running response. Of the three possible forms of disruption described in the in 3 
duction, it would appear that Group NR suffered disruption of the running repona 
but retained the discrimination reversal set without loss of efficiency. The runnin 


response was maintained in the case of Group RR but the reversal set evidently underwen 
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z re-established at its former level of efficiency. More 
specifically, it appears as if the “Win-stay-Lose-shift”’ hypothesis (Levine, 1959; Pubols, 
1962), appropriate for efficient PRLS performance, was displaced by an essentially 

random-responding" hypothesis as a result of the intermittent reward condition during 
phase B and that the latter continued to influence performance even though the original 


contingency had been reinstated. 


The present report describes an experiment unde! 
regulations governing the degree of B.Sc. (Honours Psyc! 
of Belfast, by S. D. Dalrymple. 


Severe disruption and was not 


rtaken in part-fulfilment of the 
hology) in the Queen's University 
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SPONTANEOUS SPEECH GENERATION 


BY 


EVERDINA A. LAWSON 
From the Department of Phonetics, University College, London* 


A speech generation task was performed by bilingual subjects whilst they received 
irrelevant messages in one ear. The irrelevant messages varied in content as well as in 
language. Although these messages appeared to have a significant influence on the a 
of speech, this variation was not consistent with any of the three hypotheses suggeste 
A. further speech generation experiment was then carried out in which subjects receive 
as irrelevant auditory input, in one ear, either a prose passage or “emotional yor s 
repeated over a period of 1 min. Although the rate of speech did not seem to be affec td 
by the irrelevant input, a memory test for words spoken, as distinct from words nd 
seemed to indicate that the “emotional” words were significantly better recalled than < 
words from the prose passage. When a control experiment was performed with rel 
or repeated neutral words as auditory input, no such difference in recall was obuna 
This result was seen as favouring Deutsch’s model of the blocking of irrelevant speec? 


INTRODUCTION 


In a model proposed by Treisman (1961) for the perception of speech, it was suggested 
that part of the verbal input became selected for transmission whilst the remainder Si 
the input became excluded through gradual attenuation or blocking. This gres 
takes place, through the operation of different procedures which make use of phy ion 
characteristics, transition probabilities, and past frequency of recognition and emt tion 
of particular words, at that level in the nervous system where the dictionary informa’ 
is represented. tion 

Deutsch and Deutsch (1963) suggest that, rather than a gradual blocking or attenua! i 
of some of the input, all the available stimuli are transmitted to the dictionary E ER 
Selection takes place for storage or output purposes on the basis of a preset streng e of 
the dictionary units which is determined by the temporary or permanent importance M 
these units. In this view the same attenuating factors can be assumed to operate, 
these would have their impact all at once rather than gradually. :ned with 

It was thought that some evidence in favour of either model could be obtaine they 
an experiment in which the subjects had to generate speech, whilst at the same ums the 
were subjected to an input of irrelevant speech. If this irrelevant speech reaches oe 
dictionary units then it would seem possible that the activated units would beu zeal 
for the speech sample on those occasions where this was appropriate. This Foe d 
in greater verbal fluency which could possibly be measured by counting the num?c 
words generated per minute. Alternatively, the rate could slow down as a resu atio 
decreased capacity to process information for output due to the amount of informa cte 
transmitted with the input. If on the other hand the irrelevant speech was Sube ght 
to a gradual attenuation process then it would seem that again the rate of speech 2 b 
to increase as a result of an effort to shut this speech out more effectively, as suggeste 
Treisman (1961). ight 

Although it was realized that difficulties in the interpretation of the results esso 
occur since an increased speaking rate could be seen as evidence for different hypot 
at least a decreased rate of speech would be evidence for one of the two models. 


EXPERIMENTAL PROCEDURE 


3 1 
The subject was instructed that his task was to talk continuously, at his f the 
speaking rate, for a period of 1 min. He could do so on any topic he chose. 
subject thought himself unable to do so for 12 periods of 1 min., he was given On! 
several cartoons by Giles to study. After he said he had grasped the point of the C After 
he was asked to talk about it. The cartoons were presented in random order. ed, in 
the subject had commenced talking, the tape recorder was started, and he receiv! 
one earphone only, the irrelevant messages in the following sequence:— 


* Now at Department of Social Sciences, Institute of Technology, Bradford. 
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Ar. 100 words of prose from "Lucky Jim.” 
A2. 100 words of prose from a Dutch novel. 
A3. 100 words 8th order English approximations. 
A4. 100 words 2nd order English approximations. 
A5. 100 words Sth order Dutch approximations. 
A6. 100 words 2nd order Dutch approximations. 
Bri. 100 words of prose from a Dutch novel. 
B2. 100 words of prose from “Lucky Jim." 
B3. 100 words 8th order Dutch approximations. 
B4. roo words 2nd order Dutch approximations. 
Bs. roo words 8th order English approximations. 
B6. roo words 2nd order English approximations. 
The English approximations were taken from Taylor and Moray (1960) and their 
ee was used by the present author to obtain the relevant Dutch approximations. 
hree bi-lingual subjects (Dutch-English) were used for this experiment. The experiment 
Was performed in two languages since it was designed as a consequence of an (unpublished) 
experiment on simultaneous translation. * 
RESULTS 


None of the subjects showed any intrusions from the auditory input, neither had any 
rose presented in the auditory message. 


Therefore, the number of words generated per minute were counted to see whether any 
detected. Sr and S3 made use of the 


influence from the auditory message © r : 
S TOES whilst S2 managed to talk spontaneously for the 12 1-min. sessions (see Table I 
nd Fig. 1). 
TABLE I 
ER OF WORDS SPOKEN PER MINUTE 


NUMB 


Subject SI S2 S3 Mean 
le zi 
Dutch spoken: ^ 
Ar (rej. message English Prose) we 150 222 171 : d 
A2 do. Dutch Prose) " 152 205 171 7 
A3 ( do. 8th order English) .. 148 188 148 sg 
A4 ( do. 2nd order English) .. 172 212 165 183 
As ( do. 8th order Dutch) -- 166 182 155 167 
A6 ( do. 2nd order Dutch) 163 202 151 172 
English spoken: 
Br (rej. message Dutch prose) m 142 186 wa Us: 
Ba ( do. English prose) . 176 193 z H iis 
B3( do,  StorderDutch) ..| 128 18r 158 136 
Bq ( do. 2nd order Dutch) -- 172 20 E oy 
Bs( do. 8th order English) ..| — I4 192 177 z 
Boi do. 2nd order English) .. 140 209 
TABLE II 
Source | Sum of sq. 
I. Subjects . 3 | 12,752 2 
x : v. B n ag 61 I «S ze 
: Conditions 1-6  ..| 2,272 5 A 
nteraction 2 X 3 485 5 0:76 0:05 
Residual i 2,806 22 
| Se 
18,376 35 


(Residual containing interaction I X 3 and 1 X 2.) 
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FIGURE 1 


A three-way analysis of variance was carried out (see Table II). d be 
The different conditions A1-6 and B1-6 cause a variance estimate which woul 
expected less than 25 times in 1,000 as a result of random variation. 


Discussion 


The analysis of variance indicates that the different conditions under which the speech 
was generated result in varying rates of speech. three 
Although the patterns of these speaking rates appear to be similar for the feat 
subjects, it is not clear whether this is meaningful in terms of one of the three hypot! CE 
1f the rejected speech was in any way facilitating the generation process then it W' the 
be expected that prose in the same language would show this property most, since ent. 
Same vocabulary would be utilized, and high transition probabilities would be Po ^ 
That is, a peak should obtain at A2 (B2) and a lesser one at A5 (Bs) which would $ a 
down slightly to A6 (B6). A visual inspection of the graphs provides little encourager es 
for the maintenance of this assumption. If on the other hand the input speech di 
the capacity available for the generating process, then the slowest rate ought to © here 
when the rejected speech consists of passages with low transition probabilities, i.e. W hs 
the information content was highest, that is in A4 (B4) and A6 (B6). Again the go 
do not show any evidence in favour of this assumption. The third hypothesis of incre age) 
rate when a greater effort is needed to counteract interference of the rejected mess 2 
would predict the highest rate at A2 (B2) and the lowest rate at A4 (B4), since A ij 
prose of the same language would be most interfering, and at A4, 2nd order passaa ng 
a different language would be least interfering (Broadbent, 1958, the most inte made 
materials are those most similar to the actual stimuli). Here the assumption en ot 
that the speech generating process is subject to similar limitations as the recep 
auditory stimulation but this is not necessarily the case. ? bedi 
Although it seems difficult to find a satisfactory interpretation of the results 0 ratin 
it does appear that the auditory input exerts some influence on the speech peT ES 
(in view of the result of the analysis of variance). A further experim 


eue to subject this possibility to another test. 


designe 
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T EXPERIMENT 2A 
was thought that if the subjects were unaware of the related mes: i 
adoring, then the same should apply during speech generation, e ES 
s € fact that in the previous experiment the subjects could not report anything from 
Bae message transmitted to one ear. If however these words have a lowered threshold 
bor ause of their emotional quality, and the dictionary in which these words had been 
Ctivated was also required for the speech production process, then these words could 
eed occur in the speech output. But if this were not the case then it could still be 
at evidence for the words having reached the dictionary units could be obtained from 
a memory test. 
Again, some of Giles’ cartoons were used to serve as material for the speech generation 
Process. 
(1) For the first minute the subject had to speak, he received in one ear a 1-min. 
Passage from “Lucky Jim.” 
sunto. For the second minute of speech generation, the subject received in one ear the 
Owing sequence of words: “tender and lovely and happy to cherish and cuddle and” 
Tepeated until the end of the 60 sec. 
(3) For the third minute of speech generation the subject received in one ear the 
Sequence: “Vicious and savage with fury and horror and anger and” repeated to the 


end of the minute. 
RESULTS 


TABLE III 
NUMBER OF WORDS SPOKEN 


Condition 2 


Condition 3 


Condition Y „ Condition 
Subject (“Lucky Jim”) (“Lovely,” etc.) | (“ Vicious, etc.) 
Sx 150 142 149 
S2 136 128 150 
S3 137 141 120 
S4 75 79 100 
S5 160 133 131 
S6 144 155 126 
Mean | 134 | 130 129 
— ranis tm C Ste tti t 


a The number of words produced per minute in each condition were to be counted, and 
Memory test for words heard or s oken was to be administered. 
Six subjects, all s aie or postgraduate students from the psychology 


partment, were used. f 3 
On a Friedman two-way analysis of variance the differences between the three 
conditions aren a 2 
ot significant. 
= TABLE IV 
NuMBER OF WORDS RECALLED 
Subject SI S2 S3 S4 S5 S6 Total 
Condition 1. Spoken words 3 4 3 4 i 20 
Auditory input| — = I E A e 4 
Not occurring = = I | 3 
Condition 2. Spoken words 4 1 4 4 4 2 m 
Auditory input 4 3 4 A E | 3 I 
Not occurring H aan | 5 
Condition 3. Spoken words 2 3 4 3 3 [| S E 
Auditory input| 2 4 E 3 4 1 
Not occurring 


NS 
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For the memory test for words spoken and words heard, four words were selected 
from the generated speech, four from the auditory input and four which had not occurred 
at all. These were presented, in random order, to each subject immediately after he 
completed each condition of speech generation. 

A Friedman two-way analysis of variance on the spoken words recalled in the three 
different conditions gives x*; = 0'7 with d.f. — 2 which is not significant, i.e. the words 
recalled from the spoken words in the three conditions do not differ significantly. 

The same test applied to the number of words recalled from the auditory input under 
the three conditions gives x*; = 7:58, d.f. —2 (p < 0025). Therefore the number of 
words recalled from the auditory input differ significantly for the three conditions. 
Condition 1 contributes most to this x*, which seems the only significantly different 
condition since =Rj for condition 2 and 3 are almost equal (9:5 and 9 respectively). 

Since it appeared that the emotional words were better recalled than the neutral 
ones, a control experiment was performed to test whether the repetition and the con- 
sequent rhythm were responsible for the better recall. 


ExPERIMENT 2B 
The procedure was similar to that of experiment 2A, cartoons again being used when 
required. Two 1-min. passages were recorded for the auditory input, as in-experiment 
2A, i.e. in a monotone, and as much as possible, at a constant intensity and constant speed. 
One of the two passages was again taken from "Lucky Jim" and the second was the 
following sequence of words: “large and empty and small to sing and walk and,” repeate 
until 1 min. was completed. 


Six subjects were used, drawn from the same population as those for experiment 2A. 


TABLE V 
NUMBER OF Worps SPOKEN IN I MIN. 


a 


Condition 
Subject I 2 
Sı 168 158 
S2 I5I 168 
$3 124 139 
S4 160 156 
S5 123 127 
S6 144 136 
Mean 145 1478 


SS 


Wilcoxon—number of spoken words for 
condition 1 and 2 do not differ significantly 
for N = 6 (one tie). 


TABLE VI 
NUMBER OF Wonps RECALLED 


Subject 


Condition r. Spoken words 3 3 20 
Auditory input| — LI i 
Not occurring — == I 

CE 
Condition 2. Spoken words 4 4 ga 


Auditory input| — — 
Not occurring — — 
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Tort " DISCUSSION 
Š ese two experiments it appears that, lthi 
input occurred in the generated spee! P EATR eae e E E 
pote ch, nevert! ee 
pe shut out." It wou 4 P 
aze nonesa, whilst the comparable neutral ones are not. 
LA e repetitive character of the auditory input in 
obtain for the similarly repetitive auditory inpu 


x Moreover, Moray (1960) repeat: 
a shadowing experiment 35 times without this being noticed by his subjects. Further- 


generation were not significantly differen: 
E "Therefore, it would appear 
hem easier to discriminate th 


suggested by Moray (1960) but 
from the auditory input emerged in 


task of speech generation requires, 
> tual input can be noticed, pro 
the particular input stimuli is low enough. B 
m to favour an assumption of one dictionary 
he case, but instead a different dictionary 
s most unlikely that anything at all from the auditory 


AN apparent from the f. 
S though the information capaci 

Prose to refer back to Treisman's (1961) experiments and to take it that no significant 

h ifference regarding the rejected 

o available capacity at the dictionary leve! 

t be incorporated in the output because of 

te connections to the higher levels in the nervous system 

indi that the blocking 


el than the dictionary system. 
ts in favour of 


possibly the lack of a. i 
ppropria: 
Where the speech generating process w 


of ws auditory input might i 
lthough no conclusive evidence has emerge 
in favour of the latter 


Sae or Deutsch's model, the balance Sce 
ties Tt seems improbable that an irrelevan is almost completely 
inf nuated before reaching the dictionary syste xerts a noticeable 
uence over word output selection. The differential res 
zord output was obtained as à 


generation task, where an increased or decreased rate of w 
result of different irrelevant messages jn one ear, appear to suggest that these irrelevant 
Although no unequivocal explanation of this 


Words actually reached the dictionary. 
re compatible with Deutsch's theory. 
d for the Ph.D. degree of London 
and Dr. F. Goldman-Eisler of 
ion of the research. Also to 


These experiments formed part of a thesis submitte 
Professor D. Fry 


University, My thanks are due to 4 
niversity College, London, for support and supervis! 
Fund, whose grant made 


DSLR. for financial support as well as to the Central Research 
e acquisition of the required apparatus possible. 
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DECISIONS CONCERNING THE REJECTED CHANNEL 


BY 


EVERDINA A. LAWSON* 
From the Phonetics Department, University College, London 


It was thought that the physical aspects of auditory stimuli were possibly transmitted 
via separate pathways from those transmitting the verbal aspects. Three experiments 
were designed to test this hypothesis. In these experiments subjects had to perform a 
shadowing task and had to respond simultaneously on response keys to pips superimposed 
in either ear on verbal messages. The response to these pips was of increasing complexity, 
in that it was a simple reaction time which was measured in the first experiment, a choice 
reaction time in the second experiment and a more complex choice reaction time in the 
third experiment. Subjects were able to perform these tests although the increasing 
difficulty was reflected in longer reaction times and more errors. The reaction times to 
the pips presented to the ear which was not being shadowed were slower, and the errors, 
made to pips in both channels, were “false positives” rather than errors of omission. 
These results were taken as favouring the hypothesis. 


INTRODUCTION 


In experiments on the transmission of verbal stimuli it has been assumed thats 
stimuli arrived, at some stage in the nervous system, at a place where the elements ofa 
dictionary are represented (Treisman, 1961; Deutsch and Deutsch, 1963). Experimenta 
results obtained by Treisman (r961) and others seem to indicate that the physica 
properties of a sequence of auditory stimuli can be detected, whilst the verbal content 
of such a message remains unnoticed. The continued availability of the physica 
characteristics, such as voice and location of a message and the apparent blocking of the 
verbal content, could be the result of separate pathways for transmission of these aspects 
of auditory stimuli rather than the coincidence or sequence of such pathways. It was 
thought that experimental evidence in favour of an assumption of separate pathways 
could be obtained by presenting subjects with a shadowing task, whilst at the same time 
requiring them to handle simultaneous physical stimuli. Three experiments were 
designed in which subjects had to shadow and respond to pips in either ear by pressing 
a response key. 


uch 


PROCEDURE 

Experiment 1 

A to-min. passage from "Lucky Jim” was recorded on one channel of an E.M.I. tape 
recorder, and an equally long passage from “Dr. Zhivago” was recorded on the other 
channel. On each of the two channels of a Stella tape recorder, 20 “pips” of 750 CPS: 
of 350 millisec. duration were recorded. These “‘pips’’ were randomly distributed over 
the two channels, each channel containing 10 pips, and were at an interval of 13-18 sec. 
these intervals again being randomly distributed. 

The subject was instructed to shadow the "Lucky Jim” passage and at the sam¢ 
to respond with his left hand on the appropriate key to pips in his left ear and with E 
right hand on the other key to pips in his right ear. This response had to be made s 
quickly as possible without however impairing the shadowing performance, since one 
was the task of major importance. After 5 min. shadowing, the experiment was inter 
rupted and the subject turned his earphones round and shadowed the same passage a 
the other ear. This was to counteract any difference in ear sensitivity. The order ja 
which the ears were used was randomized over the subjects. The pips from the Ste 5 
tape recorder were connected with the mixing unit and from there to the earphones, Po 
well as via a modifying circuit to the chronotron. In this way, the pips commence tis 
time recording on the chronotron whilst the subject terminated this by pressing 


response key. Six subjects were used. 


me time 
his 


* Now at the Department of Social Sciences, Institute of Technology, Bradford. 
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Experiment 2 


Three further pairs of 10 
the passages to be shadowed were taken from 
rejected ear from “Dr. Zhivago.” The pips recorded on the Stella recorder were of the 
be duration as those in the previous experiment, but with the pitch varied, in that two 
RS were recorded, one of 1,000 Cps. and one of 750 cps. Each tone was presented 10 
: imes in each channel for the first pair of passages. They were presented in random order 
RS at intervals, randomly varied from 13-18 sec. The pips for the choice RT for the 
: ed set of passages were recorded on one channel of the Stella only, in order to compare 

s to pips in either channel with choice RTs to pips in one channel only. Each tone 
occurred 20 times during this passage. The pips were presented to either the shadowed 
Or the rejected channel by switching the connections from the Stella recorder at the mixing 
unit. This switching of the connections of the pip transmitting channels was again done 

The third passage was mixed with pips of the 750 cps. tone on 
ction time being measured. Again the pip transmitting 
through the passage. 
t were to shadow one ear and at the same time to respond 
ted with the right hand on the corresponding 
with the left hand for pips in the left ear. 
n ear sensitivity were eliminated by 
The order of ear shadowed 


-min. passages were recorded on the E.M.I. recorder. Again 
"Lucky Jim" and the passages for the 


after 5 min. shadowing. 
one channel only, i.e. a simple rea 
channels were switched half way 

The instructions to the subjec’ 
to the lower pitched of the two pips presen 
key for pips in the right ear, and similarly 
Differences in performance due to differences i 
Switching the earphones half way through the experiment. 


first was again randomized. Six subjects were used. 
cain three 10-min. passages 


Experiment 3 

This experiment was similar to the previous one, in that ag: s 
were recorded from “Lucky Jim” am “Dr. Zhivago” and on each passage IO pips of 
750 cps. and ro pips of 1,000 cps. Were superimposed. The instructions to the subject 
were also similar but were complicated in that the left hand response had to be only to 
the higher pitched pips which occurred in the left ear, and the right hand response only 
to the lower pitched pips in the right ear. For the third passage the 


d i: which occurred i P EH : hos 
subject did not shadow at all but he had to respond to the pips similarlyasabove. Eight 


Subjects were used in this experiment. 
RESULTS 
Experiment 1 
TABLE I 
T in milli; pips i in millisec. to pips in 
Mean RT in millisec. to pips in Mean RT in mi 
shadowed channel rejected channel 
[^ D 
A H M eis ; 
Subject Left ear Right ear Right ea Left ear 
02 
18 432 448 200 
à Gaa:s 629 654 604 5 
3 531 527 545 615 
4 411 505 465 560 
5 638 668-5 620 619 
6 548 706 605 712 
Mean 528 5779 5562 5855 
analysis of variance was carried 


A three-way 
Its of this are shown in Table II. 
her responses given to clicks in shadowed 


ut the interaction of shadowed/rejected 


The mean RTs are shown in Table Te 
out on the scores for each subject. The rest” 
i No significant differences [is qe ee 2: 

ersus rej ight versus ’ 
Seep en a oa an estimate of the variance which is significant at the 
0-05 level. The interaction subjects/channel, and subject/ears, was very small, and it 
&ppeared that a better te ce estimates would result by taking these 


st of the other varian e ; ng the 
interactions into the residual. The shadowing response did not show any discontinuities. 
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TABLE II 
c ] 
Source Sum of square d.f. | Mean square | F b 
ri. Subjects .. px 164,027 5 | | 
2. Shadow/rejected 1,908 1 | 1,908 I:0I 70:05 
3. Ears . 640 I 640 0:34 20:05 
Interaction 2 x 3 9,362 1 | 9362 | 497 <0-05 
Residual 28,264 15 | 1,884 | 
Total 204,201 23 | 


a E ee E 


Experiment 2 


TABLE III 


a — 
Mean choice RT in millisec. to pips 
: Shadowed Rejected 
Subject ear Mistakes ear Mistakes 
A. Either ear I 584 — 636 m 
2 592 = 745 2 
3 785 I 827 i 
720 — 856 3 
5 567 = 617 4 
6 725 — 790 - 
Mean 662-2 — 7452 14/60 — 
23 per cen 
B. One ear only .. I 572 — 634 em 
2 772 = 950 A 
3 860 — 1048 2 
4 600 — 700 I 
5 570 — 640 e 
6 674 — 745 = 
Mean 6747 = 786-2 8/60 = 
13 per cent 
Mean simple RT in millisec. to pips 
C. One ear only .. I 542 — 698 =a 
2 762 — 962 = 
3 840 — | 895 je 
4 370 =. i We x. 
5 520 — 609 d 
6 540 = 560 "E 
Mean 595:7 — 689:0 € 


p—————— M O n | o ene ES 


The mean choice RTs for the first two 
are shown in Table III. A three-way a 


results (see Table IV). 


Passages and simple RTs for the third passage 
nalysis of variance was carried out on these 
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TABLE IV 
Source Sum of square d.f. |Mean square F | pA 
I. Subject .. afa 317,758 5 | 
2. Shadow/rejected 82,848 I 82,848 6:05 «0:025 

3. Tasks A/B/ - 48,944 2 24,472 1:79 70:05 
Interaction 2 x3 -- 21,249 2 | 10,6245 | 0:77 >0:05 

Residual .. gy 341,903 25 13,070 | 

|a | 

812,702 35 | | 

| 


from the channel which the subject is shadowing, 
from the channel to which the subject does not 
aken into residual). Task 
ion of the null hypothesis. 


. The choice-reaction times obtained 
differ significantly from those obtained t 
attend. (Interaction subject/task and subject/channel again t 
A-B and C did not cause a variance which would require rejecti 

All the mistakes made were responses to the wrong pip, i.e. were extra responses. 
Of the pips which required à response, none was missed. The shadowing response did 
not show any obvious discontinuity as 2 result of this double task. 


Experiment 3 TABLE V 


Mean choice RT in millisec. to pips in either ear 
Left Mistakes Right Mistakes 
Subject hand (per cent.) Hand (per cent.) 
NES S W*Gt ec rero 
o 
A. Left ear shadowed I 603 14 x a 
2 594 60 7 
3 1,160 40 1,200 40 
Yi 759 40 950 40 
5 669 40 795 40 
6 790 40 855 60 
| 7 835 40 910 40 
| 8 940 49 1,046 40 
| e 
p 
| Mean 7937 882:7 
Leone _ 
26 20 
4 B. Right ear shadowed T 233 R Beg do 
2 
5 20 1,250 49 
3 E o 813 40 
4 740 60 685 40 
2 870 40 815 49 
896 40 858 40 
7 1,220 40 1,150 20 
Mean 8797 838:2 
o 635 o 
C. No shadowing z eid 25 A 5 
1,150 o 1,180 o 
3 "045 o 961 o 
H 760 o 785 o 
6 790 o 775 o 
7 915 o 932 o 
8 822 o 780 o 
Mean 842:9 8451 
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The results of the third experiment are shown in Table V and the analysis of variance 
in Table VI. Interaction subjects/task was not taken into the residual because of its 
size. This interaction seems to indicate that there were differences between individual 
subjects in the performance of the different tasks. 

Interaction ears/task seems the only indication that there was a difference between 
shadow/rejected ear, in responding to the specific pip. 


TABLE VI 


Source Sum of square d.f. Mean square F | p 
i. Subjects .. «| 1,570,143 7 | 
2. Ears E € 3,300 Tt j 3,300 | 21 | 2005 
3. Tasks A/B/ eis 3,673 2 1,836:5 I:2 70:05 
4- Interaction 2 X 3 35,293 2 17,6046 II:4 | — 0:001 
Interaction r X 3 231,004 14 16,504:8 10:7 <o-oo! 
Residual .. E 32,336 21 1,539:8 | 
Total -+| 1,875,809 47 | | 


mc — ——É—— — ———————— M AÁÀ 


Discussion 

The only significant difference obtained in the first experiment was the variance 
estimate resulting from the interaction of task (shadowing or not shadowing), with right 
or left ear. The explanation of this could be that there was a slight difference of intensity 
between the pips, those transmitted via the pre-amplifier of the Stella recorder being 
slightly less loud. This difference was only realized after this significant interaction had 
been obtained. 

The results of this first experiment seem to indicate that the transmission channels 
for these physical stimuli are monitored continuously since not only are the reaction times 
not significantly different, but also none of the pips in either channel were missed by any 
of the subjects. That this did not apply to the channels transmitting the verbal input 
would seem to follow from Treisman’s (1961) different results which she obtained when 
inserting digits or the word “tap” in both the shadowed and the rejected message, as both 
digits and the word “tap” belong to the category of verbal input. : 

From the results of the second experiment it appears that even this more complex 
task can be performed reasonably satisfactorily. Apparently, shadowing is not the kinc 
of task which occupies the information transmission channels to the extent that no other 
information, irrelevant to the shadowing, can be dealt with. However, Moray (1960. 
and Treisman (1961) have shown that the word transmission system is fully occupied ! 
that almost no verbal information from the rejected channel was selected for attention 
atall. This combined evidence would seem to favour an assumption of separate channels 
for the transmission of words and for the transmission of purely physical stimuli. 

From this experiment it would appear, however, that the ability to cope with the 
task with the ear which also receives the verbally rejected messages, is impaired, in 
comparison to the performance at the other ear. Not only are the reaction times longer 
at the rejected ear but also several mistakes were made. The mistakes were all false 

ositives, i.e. reactions to the wrong pip, and none of the correct pips were missed. t 

That the simple reaction times in this experiment are longer than those in the m 
experiment, although the subjects were drawn from the same population, is probably 
due to the subjects' ignorance of the changed conditions. The subjects were not informe 3 
of the change and therefore were probably still acting upon a larger ensemble from whic 
to select the stimulus, and were thus reacting more slowly. This would also seem, A 
apply to the choice reaction times to the pips in one ear as compared with choice m 
times to pips in both ears, as the subjects had not been informed of the changed conditio i 

The third experiment also shows a significant difference between the responses to PIP 
he shadowed ear and those in the rejected ear, in that the variance estimate bas 


Ee E interaction of ears and task is significant at the o-oo1 level. The increased Eod 
OT aie of this task is apparent from the longer reaction times as well as from th 


siderably increased percentages of errors. As in Experiment 2, these errors were à 
cons 
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extra responses, i.e. 5 i 
Ther , i.e. responses to the wrong pip over and above those to the corr i 
MR e ime ione Pips wate re only occasions where at times this task saad 
a v ask. his interference was ge ly i 
i _tasl generally a momentary confi 
UR md realization of a wrong response. Realization that a sesionse Begins 
red almost every time it was made and there was a tendency to verbalize the error. 
(1958, p. 51) discussion of an experiment 


d finding is perhaps explained by Broadbent's 
y Bates where the suggestion was made of an appropriate verbal response with an 


edad frequency. This higher incidence o 
5 consistent with the expectation that a breakdown in responses to i 
i 2 a these 
baa would have to occur, if these stimuli de p so m 
Mus capacity which was not required for shadowing. 
he results of these experiments seem to favour the assumption of separate pathways 
would also 


for physical stimuli. The experiment by Ladefoged and Broadbent (1960) v 
ridence. Presumably the channels transmitting the 


cd to corroborate the present ev 
iem stimuli lead to a decision mechanism which operates on that input as well as 
iS sak skp comer aad the verbal contents of messages. Although the transmission of 
this erbal characteristics of a message is limited by the capacity of the dictionary system, 
EMDBRISUUM does not imply that the attentional capacity 15 entirely exhausted by this 
oh OW ing task. Moreover, although à breakdown in dealing with a task consisting of 
Ppuyseal auditory stimuli might occur, such an impaired performance does not seem to 
(n in attenuation or blocking, as 1S the case when the verbal channels become over- 
aded, but rather in increased choice reaction times and increased number of errors. 
T These experiments formed part of a thesis submitted for the Ph.D. degree in the 
Eny of London. I am indebted to Professor Fry and Dr. Goldman-Eisler of 
niversity College, London, for supervision and general encouragement during the 
research. I am also grateful to D.S.LR. for financial support during the research period 
h made the purchase of the 


na well as to the Central Research Fund for a grant whic! 
cessary equipment possible. 
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THE ROLE OF THE INTERPOLATED TASK IN 
SHORT-TERM RETENTION 


BY 


R. CONRAD and A. J. HULL 
From the Medical Research Council's Applied Psychology Research Unit, Cambridge 


It has been proposed that a single set of operations based on classical interference 
theory is adequate to describe the phenomena of both short- and long-term memory. 
An article by Keppel and Underwood (1962) argues that short-term forgetting is due to 
proactive interference and, by implication, not a result of trace decay. An experiment 
which varied retention interval and the nature of the interpolated task, gave results whic! 
indicate that when the amount forgotten and the nature of errors are considered, a decay 
model is supported, the proactive interference suggestion being untenable. 


INTRODUCTION 


_ A crucial question in the field of verbal learning theory which is currently generating 
discussion, is whether or not it is useful to regard short-term memory (STM) and long-term 
memory (LTM) as being supported by the same mechanisms. In general, authors writing 
from the standpoint of classical interference theory (Keppel and Underwood, 1962; 
Melton, 1963) have favoured a single set of operations to govern retention over both short 
and long time intervals. But authors proposing models for STM which essentially 
involve information loss during storage (e.g. Broadbent, 1963; Waugh and Norman, 1965) 
have argued that this storage system must be independent of that required for storage 
over long time intervals. 

The latter type models always include an operation which permits a fading trace in 
the short-term store to be rescued up to a certain point in its history, and transferred 
into the more permanent long-term store. The necessary condition for this eventuality 
is rehearsal of some kind; or, perhaps another way of saying the same thing, recoding of 
the input with increased redundancy (Brown, 1959). If conditions during the retention 
interval preclude rehearsal, then after a short time the trace will become irrecoverable. 
Recoding or rehearsal is held to modify the trace so that it takes on a relatively permanen 
status. Rapid decay occurs in one state (store) but not in the other. 

On the other hand, Keppel and Underwood (1962) have proposed that interference 
theory, using a single set of assumptions, can account for forgetting regardless O: he 
duration of the retention interval. Keppel and Underwood have examined in some 
detail the situation where a subject is required to retain a letter- or digit-sequence we 
within the memory span, during an interval filled with an activity presumed (a) to be 
non-interfering and so ruling out retroactive inhibition, and (b) to preclude rehearsal. 
The argument is that when, as is usual, multi-trial tests are given, ideal conditions are 
present for the occurrence of proactive interference (PI) from previous trials. For 
example, trial-2 learning is held to extinguish trial-1 associations, which recover during 
the retention interval to compete at recall. The longer the retention interval, the greate 
the recovery and the poorer therefore the recall of trial-2 items. How valid is this? n 

As well as the demonstrated relation between duration of retention interval and EI i 
certain other predictions would seem to follow from Keppel and Underwood’s argumer = 
Firstly, as retention interval increased and trial-r associations continued to TeCOv eG 
strength, trial-2 recall errors should show an increasing proportion of serial post age 
intrusions from trial-1. Peterson and Gentile (1965) however reported a relative decre 
in such intrusions with increased retention interval. Secondly when Conrad (m 
analysed recall e n as retention iss 
increased, errors became increasingly random and less and less acoustically similar nee 
correct consonant. He argued that this could only be predicted from interier or tween 
if the assumption were made that degree of extinction depended on dissimilarity un 
trials-1 and -2 items. This is the opposite to the reasonable prediction. E Mer 
failure of two predictions the present experiment tests the critical assumption 


f recovery depends on the duration of the retention interval. 
[o 


rrors from consonant quadrigrams, he showed that 


gr ee 


u 
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METHOD 


Procedure 
With minor refinements, the procedure was that desc i 
" 5, ribed by Brown (1958)and 
E. l1 (1959). Using a punched-tape programme, a ax eem 
eee 4 one at a time, four consonants followed by a series of digits. Subjects were 
ee Em to read all items aloud but to report only the consonant sequence in correct 
rer m a prepared answer sheet. The presentation rate was controlled by electronic 
distr , the cessation of clicks being the signal for recall, and the rate for consonants and 
gits could be independently varied. Reading the digits served merely as a non-inter- 
There was a fixed interval of 15 sec. between 


eng filler during the retention interval. 
e last digit of one trial and the first of three warning blips of the next trial. 


Materials 
The quadrigrams were selected from a vocabulary of 10 consonants, which were 
The selection served merely 


printed ii alphabetic order on the subject’s answer sheet. 
o provide test material of difficulty known from previous experiments, Four tests each 


pi io quadrigrams were prepared, such that the four letters of each quadrigram were 
ifferent from each other, and different from those of the immediately preceding quadri- 


gram; and each letter occurred equally often in each serial position. 


Design 
There were four experimental conditions, viz.: 
8F—quadrigram at 0'4 sec./letter + 8 digits at 0'4 sec./digit 
8S "o or Od: o CASES o8  » 
16F " p 94 0» 416 n m 94 " 
16S » » O4 » +16 a 209 » 


Twenty-four subjects, some 
nterbalanced order. 
nt, tests had been 
d within a single 
sed were all 


a test of 10 trials. 
ditions in a completely cow 
previous experime! 
was complete 
d the 24 subjects u 


=o condition was represented by 
Pach ratings, some housewives, did all con 
* condition used the same consonants, and by 
noted for recall difficulty. For each subject testing 

ssion. The session began with four practice trials, an 


able to follow the instructions. 


RESULTS AND DISCUSSION 
Performance was scored firstly for mean percentage of letters wr 
Position into account, and secondly for percentage of errors that were S 
Intrusions (SPI's), ie. when the wrong letter repeated the letter given 
otherwise) in the same position of the immediately preceding quadrigram. 
are shown in Table I. 


ong taking serial 
erial position 
(correctly or 
These values 


TABLE I 
AND RETENTION INTERVAL 


Errect ON RECALL OF INTERPOLATED TASK 
| 
Conditions 


SF 8s | 16F E 
Per cent. wrong letters 358 30°3 | 43a 32:9 
22:9 19:0 | I5:1 14:8 


P i RED F 
er cent, serial position intrusions 


i On wrong letters, analysis of variance shows significant effects of the number of 
nterpolated digits (P < 0-001), the rate of reading digits (P < 0:001) and subjects 
e < oor) The number X rate interaction does not quite reach significance at the 

95 level (F (1-66) = 3:59. The significance of the difference between conditions using 
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the criterion of wrong letters was tested by studentized range statistic (Winer, 1962), 


with the following results: 
SF v 165 —p > 0'05 
8F uv 8S—p < 0-05 
16F v 16S—p < o-or 
SF v 16F—p < oot 
8S v 16S—p > 0:05 
8S v 16F—p < o-or 


From the immediate point of view the comparison 8S v 16F is the most important. It 
shows that duration of retention interval is not in itself crucial. Rather, when the 
retention interval is unchanged, events during the interval are the significant determinants 
of recall. 

The data on serial position intrusions, though not entirely conclusive, provide little 
comfort for the recovery assumption. The Keppel and Underwood (1962) argument 
would lead to the prediction that increased retention interval would lead to increase 
proportion of such errors. Of the five comparisons between pairs of conditions where 
retention interval is different, all in fact, show the opposite effect. The longer the interval 
the smaller the proportion of intrusions—indeed they are fewer absolutely. But only 
two comparisons ($F v 16F; 8F v 16S) show a significant difference at better than the 
0:05 level. Where the retention interval is the same (8S v 16F) the difference is not 
significant (o-05 < p < 0-1). 

The wrong letter results of the first five comparisons can be equally well predicted 
on an assumption of recovery of traces during retention, or of decay during retention. 
In both cases recall would be expected to decline with the longer interval, either because 
greater recovery would lead to increased competition at recall, or because traces wou 
have longer to decay. The last comparison though (8S v 16F) where retention interva 
is the same gives a result which is expected neither on a simple recovery, nor on a simple 
time-decay basis. But this is of course the crucial comparison which involves constant 
retention interval but different events during that interval. 

The effect of increasing shadowing rate would in decay theory terms reduce the 
opportunity for rehearsal (Broadbent, 1963; Pollack, 1963; Posner and Rossman, 1965). 
Granted that, the direction of the observed difference between 8S and 16F is what would 
be expected. But neither would the assumptions of interference theory be violated if 
shadowing rate were held to affect degree of learning as measured at the end of the retention 
interval: this also would be to the advantage of 85. So at first sight, the aberrant result 
along with the others could be taken to be in accord with both theories. But recourse tO 
the rehearsal or degree of learning argument has implications concerning SPI errors which 
appear to be crucial to the discussion. t 

With degree of learning constant, recovery time (i.e. retention interval) would xd 
in probability of SPI's. Keppel and Underwood (1962, p. 160) are clear that: “Such 


" * > " £ 
intrusions . . . represent the evidence needed to support the notion of spontaneous re 
If degr 


n of erro 


: Jus h a r e 
which would be SPI's. Similarly, with recovery time constant faster shadowing Um 


prediction can be made. Conditions for prediction therefore exist in the case O here 
comparisons: 8S v 16S, 8F v 16F, 8S v 16F. Respectively as a proportion of errors, "b in 
should be more SPI’s for 16S, 16F and 16F. ‘Table I shows that the prediction fai 
allthree cases. In the first and last case the difference (in the opposite direct and 
predicted) does not reach significance at the 0-05 level (0-05 <p < o:1); in the 
case the difference which is in the wrong direction is highly significant (2 <= eon 6 ), in 
On almost any decay model, and explicitly on that suggested by Conrad (19 ast 
this situation, during the retention interval rehearsal is fighting a losing battle e aali 
decay. But the rehearsal could only be concerned with the items of the current Ang: 
The items of the previous trial which would be involved in SPI's, would simply be decay an 
The probability of SPI therefore depends only on time between recall of trial-r ware EMI 
recall of trial-2 items (Conrad, 1960; Peterson and Gentile, 1965). Since the ns are 
interval was constant, retention interval is the crucial one. When pairs of condition? g h 
dless of shadowing rate, more SPI's are expected for the condition 


mpared, regar 2 2 
25 tem interval. The Table I data show this to hold in every case. In the 8S v 16 
comparison where retention interval is the same, the difference is not significant. 
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CONCLUSIONS 

: of extinguished associations during subse i 

is clearly in doubt. In its present form, the Keppel and Under vpod S none. gems 
inadequate to account for the data. As those authors state it, the effects of varying 
shadowing rate (or other interpolated tasks of differing complexity) are not accounted for. 
T he SPI data are counter to the PI predictions even if the degree of learning assumption 
is added. Wickelgren (1965) has attempted to account for the results of typical short- 
term memory experiments in terms of retroactive interferance. But there is not the 
slightest evidence in the present experiment, nor in any others, that interpolated digits 
interfere, in the classical sense, with learned letters. At present therefore, decay models 
Seem better able to handle forgetting over these short time intervals; in which case 
without doubt, theoretical amplification is badly needed to cover the ground between 


retention intervals of seconds, and those of days. 


The assumption of recovery 
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ON DETERMINING PAIN THRESHOLDS USING THE 
LIMITING METHOD 


BY 


E. A. C. THOMAS 
From the Department of Mathematical Statistics, University of Cambridge 


A model developed by Cane (1956) for the study of relative thresholds is modified. to 
apply to absolute thresholds. It is assumed that the fluctuation in the subject's sensato 
of a stimulus is uniformly distributed, and the model is used to estimate the thresho 
from data presented by several authors. 


INTRODUCTION e 
s In experiments to determine heat-pain thresholds the subject is exposed to stimuli ©: 
increasing magnitudes and is required to signal when a pricking pain first E 
immediately after a stimulus, This stopping point is then used to estimate the thresho S 
A statistical analysis of this so-called Limiting Method has shown that the distribution 
of the stopping point depends on the size of the stimulus increment used and, therefore, 
before the results of different threshold experiments are compared a suitable correction 
Should be made (Brown and Cane, 1959). Ina recent paper (Haslam, 1965), it is contende 
that there is a residual effect of stimulus scale-interval even when correction has bee? 


made for the statistical effect predicted by Brown and Cane. It is the purpose o um 
note to examine this contention. 


A MopEL il 
The model developed by Cane (1956) for the study of relative thresholds is €357 y 


modified to apply to absolute thresholds. Let us assume that when the intensity of the 


. 1 5 : "n : : i e 
stimulus is ¢ units the subject's sensation is ¢ + x units, where x is a random vat abl 


with density function f(x), and is independent of ¢ Wi rea 
5 i j e as: further that there * 

np goech that the subject experiences pain only it rss cee So that, a is 

yas pe of intensity / is presented, the probability, ^(f), that pain is experience 


Pi) = | Fide is dis xa s e 


c—t 
T*, is then defined by the relation 
P(T*) = a for some positive o, < 1. 5 
It will be assumed here that ¢ = 1/2, i e, that T* is the intensity which the subject sam 


; A Pm /2 
causes pain on 50 per cent. of the occasions, If f (x) is symmetric plc) = J £e = Ian 
o 3 


The absolute threshold, 


so that in this case c — T*. 


Lett, < lı < fa < ... be the values of t at successive presentations; let q, = I — pito 


en Se dab 
for y= I, B, Bp ey To = Ty and me = 40,... qi Then the probability of stoppi”g s 


t; is (7-1 — 7). If the steps are of equal si to ping 
point, T: is given by qual size 2K/n, the expected value of the stop. 


oo 
Er-geS a . Q 2 a 4 8 
2 xp : 
and se - m - Sata S in] A vs (3) 


To estimate T* we have to make some assu 
about p(t)) and then use the experimental resul 
Brown and Cane (r959) have shown that if 


n it f] 
mptions about f(x) (or, corresponding" 
ts to estimate any unknown param dard 
P(t) is cumulative normal with stan 


i zi zs * 
deviation c, and ¢, is chosen so that p(ż,) A fi exp(— x?l2) dx, K = 3e then T 
eo) 


E g 
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may be estimated by 


Where T is the mean stopping point for the subject(s). a° is the variance of the random 
Variable, x, and is, in general, not equal to the experimental variance, var(T), for the 
Limiting Method, though it may be estimated from it. This point seems to have been 
overlooked by Haslam (1965). 


If, as a first approximation, we assume that 


p(t) =0 fort < t, 
=H,/2K — «LEAK +4 ss oe (5) 
=I t +2K «d 


then T* — t, + K. Let n be the integral part of 2K/s, s being the step-size. Then 
7; = (n—1)(n—2) ... (n—i)/n, i = OT, -+ n—1I. 
For large n we have ns = 2K, : 


n—I EU 
2K T En 
E(T—t) = "um > mek, | n Ie Can p aga 


$-—9 
zA/mÉs ES (6) 
4k? 7T 
and = var(T) = Sue 
z-086 Ks. .. sis € we ex -— (7) 
From (6) and (7) we see that T* may be estimated by 
T+ 2° var(T) — roi /var(T) 2 js un. 18) 


where var(T) is the observed variance. p 
Using formula (9), the threshold was estimated from the data presented by some 


investigators, and the results are shown in Table I. 


1 DISCUSSION 
Í we assume th is given b and the hypothesis of Hardy, Wolff and Goodell 
(1952) that T* is iat pO ieiuna Daven the abelon then in this model £, and K 
pd vary with the individual only in such a way that t + K is constant. Therefore, 
a0) var(T) is the variance of the stopping points for a given subject, or the within 
Subject variance if more than one subject is used. In those experiments where a subject 
as been used more than once the within subject variance has not been included in the 
umed that 4, and K do not vary within an 


eXperimental block, and we have used the block variance instead. It does seem that 


n ) and Chapman, Cohen and Cobb (1946) 
ave been included in Table 1 even though these investigators did not instruct their 
Subjects as to the end-point of pain. The reason for includin| 


a eport that T is large for some subjects because they do 
gu experience a pricking pain at all but only a b c Y 
nce the presence of such individuals ina small group of untrained subjects would tend 

take the group unrepresentative, it may well be that the small size of Group C makes 

Set of data unreliable. r 

TA Under the hypothesis that T* is constant, the standard deviation of the estimates of 

zd (excluding the four groups mentioned above) is 15:8 mc./sec.[cm.? compared with 

nd me./sec./cm.2for T. So it can be argued that it has been worth making the correction 
ees basis of the above model, since doing So gives less variability than that of the 
mates which originally formed the basis for belief in the hypothesis. However, the 
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TABLE I 
PAIN THRESHOLDS IN THE (a) FOREHEAD ARE 


; (b) FOREARM AREA 


| No.of | = * 
Investigator | observations s | sd. T T 
| 
(a) T 192 
Schumacher, Goodell, Hardy, — 324 207 | 2e 286 Mo 
and Wolff (1940) | Ba | M 183 Go 
Clausen and King (1950) .. 31 | Io | ee * 196 
31 | 10 | 22-4 181 252 
Birren, Casperson and | 50 | 10 30:2 x SH 
Botwinick (1951) ES 50 10 | 29:0 180 238 
50 10 30:6 187 aut 
50 j 10 32:0 183 4 
Hardy, Wolff and Goodell 326 
(1952) Si - - 63 | 20 27-0 235 233 
Haslam (1965) A s 21 32 43:3 A 203 
| 21 2 231 2 
19 16 224 238 a 
| 16 16 20:6 230 289 
II | 8 | 331 193 E 
| 39 
IO 8 41:7 166 3 
Chapman and Jones (1944) 200 20f | 450 305 337 
Chapman, Cohen and Cobb 275 
(1946) " m ; 44 2of 24:0 287 Ne 
(0) 8 
Clausen and King (1950) .. 31 10 18:6 193 7 
I 10 15:2 187 T 
3 | 5 200 
Hardy, Wolff and Goodell 63 20 32-0 210 88 
(1952) | 63 I 


| 20 24:0 200 
| — 
T Step-size used was not mentioned by investigator. 


cing 
hypothesis needs to be more firmly established in view of the finding of Clausen and i 
that some difference may exist between the pain thres 


0 
sholds of different parts of the b 
(see Table I), and that these are not constant differences between individuals. 
I wish to thank Miss V. R. Cane fo 


very 
t drawing by attention to the problem and for V 
helpful discussions. 
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PAYOFF: A NEGLECTED FACTOR IN REACTION TIME 
MEASUREMENT 


BY 


JOHN ANNETT 
From the Department of Psychology, Hull University 


Instructions may be supplemented 
required performance. When performance admits of being “good” or "bad," however 
wide these limits, the instructions may 
of payoffs. In reaction time experimen’ 
to respond as soon as possible after the si 

could equally well be represented by a system of payoffs and Figure 1 illustrates the kind 
of payoff system normally implied in thes 
which the physical stimulus occurs the graph 
(response before S), maximum positive score 
declining at an arbitrary rate as à function of elapse 
until an unacceptably long time involves a constant maximum penalty. Some experi- 
menters choose to treat very short RT's as anticipations. T 

dashed line in Figure 1, but it should be clear that payo: 


arbitrary. 


i S 


Time 


FIGURE 1 

Payoff as a function of time between stimulus and response. 
i i imi biguit: 

Reducing these instructions to à simple numerical score not only eliminates ambiguity 

and ee comparability between experiments but has the further genie. e 

Permitti ined with the instructions in a simple way. e 

tting other factors wes pea pu 4 eu iih a system. DE ay ot 

ay i average utility of any response 


Customary catch trial rate 
and we c i 'single number representing the 
ata deme id pe F receding, S. This is simply the product of the score at 


time R a ge 
nd bility of S. s x E 1 
The Eo ae dE combining instructions in the form of payoffs into a single 


number, the average utility of T at time R, can be appliec 


'esponses : t 
Uncertainty, for instance the temporal uncertainty wher 


Signa] p 3 i e2 
at a variable interval. Fig Is distributed in a rectangular fashion (i.e. equi- 


a si ing interval 
p to pp varying he average utility of a response at any 

S, and the payoff 

then be computed showing 


Probable) bety dios D 3 
p äply it Seed products of signal cian WS Sy to 
or p K . A utility funcr on r 
P DDOD S E peo values of R. Each set of conditions, catch trial 
ayoff system can be combined to 
f conditions. Figure 2 shows three typical 


© average net score for all relevant 1 
ate, warning interval distribution and 3 specified p 
lar warning interval distribution. It is 


Sive a utilit i ique to that set O 
ih y function unique O 
Utility functions superimposed on ê rectangu 
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o 


Utility 
d 


Sw Sı 


Sn 


FIGURE 2 nd 
The utility of responses as a function of warning interval distribution, payoff a 
Catch trial rate, 
A Warning interval range I sec. Catch trial rate IO per cent. 
B bs y »  O'5 sec. " 9 » IO per cent. 
Cc 55 ds » sec, ^ ^»  » 50 per cent. 


Time 


These curves are merely illustrative but in 
angular warning interval distribution and the ty; an 
i i ginning of the warning interval Meer 

Although stimuli are equiprobable 7 i 
Only when the range of intervals us 


T 
s 


;arnin. 
quency of signals at the shortest bee 


ment 
"refractory period” expen ed 
the first Stimulus is simply à warning signal. Figure 2 in 


viest w g ve the longest RT's and that faster RT's and most 0 
anticipations will be found to 


1 in any give; we cannot be sure ot 
exact form of the utility function since payoffs [An ue been numerically specified, 
the usual conditions will give curves of the form illustrated in Figure 2. Thus it may é 
that the phenomenon of refractoriness is not due to any blocking of the central chan” 
but simply to the subject following instructions, 3 


66. 
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THE EFFECT OF GRIP-TENSION ON 
TACTILE-KINAESTHETIC JUDGEMENT OF WIDTH 


BY 
G. BURN EVANS and EDGAR HOWARTH 
From the Department of Psychology, University of Alberta 


The effect of various grip-tensions on the accuracy of kinaesthetic width judgements 
was tested. Forty first-year psychology students were used as subjects. Significant 
differences in accuracy between pressures were found in the descending adjustments 
with greatest accuracy at 1-okg. Some significant differences were found between 
Pressures in ascending adjustments. All subjects overestimated on the descending and 
underestimated on the ascending trials at all pressure levels. Increased grip-tension 
was found to reduce the accuracy of width judgement in terms of constant error while 
affecting variance only slightly. 


INTRODUCTION 
es of kinaesthetic width judgement and there 
ular parameter of tactual pressure, although 


Costello (1962) suggested the possibility that this parameter might proportionately affect 
felt width. Studies which have not controlled this parameter, but which presumably 
used light touch in the region less than 1 kg., have found DLs of the order of 1/20-1/50 
using various psychophysical methods and widths ranging up to 100 mm. (Gaydos, 1958; 
Stevens and Stone, 1959; Dietze, 1961). Jastrow (1899) reported DLs as low as 1/1oo 


in his best subjects. ; 3 
In an initial experiment of this kind it might be unwise to attempt to make definite 
Predictions because a number of possible outcomes could be envisaged. Some of these 
Possibilities are listed below. ' a 
Where width oh kept constant and pressure applied by the hand across that width is 
varied, how do the additional muscular and kinaesthetic sensations affect judgement of 
the felt width? One possibility is that the additional information could assist the 
judgement. A further possibility is that the additional sensations may hinder jadgenien 
in two ways: (a) by acting as distracting or competing stimuli, or (b) by serving to e ivate 
the stress mechanisms which might have a Yerkes-Dodson effect on the judgement. fh 
Systematic errors, as between ascending and descending series, might occur in wine 
Subjects would tend to overestimate the standard width on descending trials, and under- 
estimate on ascending (Costello, 1961). | » p 
Finally epe E d authors that if a light touch opr kg) was 
applied across the adjustable comparator and if different tensions were app! aa 
3 in, standard, then the judgements might be most accurate y b acq end 
Comparator was approximately equal to that SPEC 26 it was decided to proceed on an 
Ore, be carcity of previous releva Qd | 
empirical bese and envi the data to confirm the appropriate hypothesis. 


There have been relatively few studi 
appear to have been none on the partic 


METHOD 


Apparatus 
I— been provided elsewhere (Howarth, 1964) and only 
ms peus jdeserintion ie apparatus consisted of two pieces, (x) is ber. 
Stimulus xe ys isted of two parallel brass plates, 3 in. Mach an 8 Di ong, by 2 bs 
dep A ject cons ve placed between the plates, to provide different pressure levels 
aS fequi. set of springs bil: ). To ensure that subjects maintained the appropriate 
ras qued (1 2.8; e dd den was attached to the standard = tiat, z de rece 
Were rel ,a roneo rop ere doro apart by the spring, breaking t e con es s om We 
the iD bia E uc adjustable comparator was similar in length o the € ar 
nee ps Lees aes e ch subjects could adjust to any width og ar 2 n 4 a 
by apean a E S dal which controlled a motor m the comparator. e motor -€— 
the Bites ci. PESE P. Bs ` apart, depending on which side of the foot pedal was pressed. 
ressure earings oe prp e the comparator was always less than 1:2 kg., as greater 
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: i ; 5 
re prevented the motor from operating, and subjects were instructed to use 
ht i arator. 
ur e cede a3 placed so that the standard was on the right and the prises 
Ed toot each subject, with the sides of the two pieces parallel to, and on eit ne ia 
a hide d plane, at a height just above knee level. The inner faces of the star 
- comparator were 36 in. apart. 


Subjects 


2 5 Wi introductory psychology 
rty psychology students, 25 men and 15 women, from an in y psyc y 
"p E da subjects. They all attended for 1 hr. as part of the course requiremen 


Procedure 


3 reen 
ed and instructed to hold the comparator lightly betweer 


left hand, and the standard similarly with the right hand. 
The procedure involved two stages. 


i | in.). 
Stage 1 consisted of 16 estimations of the widths of two blocks of wood (23 in, 3b ia). 
ry estimate of each subject's accu 


: were 
€ errors greater than 10 per cent. 
Xperiment. Four subjects failed to meet this criterion. 


conditions of pressure and series were randomized for e 
adjustment, the comparator was pre-set by the ex 
for a descending adjustment at 3iin. Each adjus 


Was a signal to the experimenter that each judg 


REsutts the 
The three readings taken at each pressure were averaged for each subject, aed 
ascending and descending series Separately. Table I shows means and standard devia 
for the matchings of the 3-in. block under various pressures, 


TABLE I 


Pressure (kg.) 


I 2 3 4 I 2 3 4 
= " 9I 
Mean width (in) .. 3:11 3°15 3:22 3:24 2-93 2:92 2-91 7 
S.D. OII Org O'15 O-15 0-13 O15 0:20 02 
" ies 
For clarity of Presentation we shall present the ascending and descending ser 
separately. 


5 rend 
(1) Descending series. Constant error ranged from OIlin, to o-24 in. ed 
analysis showed a Significant linear component (F — 44, d.f. 1, 117, p< 0-01) ee 
non-significant quadratic component. The direction of the trend showed pure 
constant error with Increasing tension. Variability of matchings showed little C. plie 
with changes in pressure. Duncan’s Multiple Range Test (Edwards, 1962) Rin 
to the mean estimations, and it was found that all the means differed Significant X the 
each other with a protection level of 93 per cent, Analysis of varjance applie 
descending series data supported the findings of Duncan's test, 
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Constant errors ranged from 0-07 i i 
g -07 in. to o-o9 in. Trend analysi 
ar and quadratic components. Significant differences in 


variability were found between the matching 
gs made for 1 kg. and 3 kg. (F = 2-2 
ae 39) and between 1kg. and 4kg. (F = 2-25, d.f. 39, 30). ME inst ees 
gnificant differences between these latter means. Analysis of variance showed no 


overall significance between the means. 


(2) Ascending series. 
showed non-significant line 


F DISCUSSION 
everal possible outcomes were discussed initially and it must now be askı rhi 
er these is favoured by the data. It appears that a somewhat different bie d 
cording to the direction of adjustment. Tn the descending series the effect of ema 
pressure was to increase constant error in the judgements without affecting the vance 
of the settings, whereas, in the ascending series, pressure did not affect constant error 
but to some degree influenced the variability of the settings. Because of these differences 
between ascending and descending series, an unequivocal statement, favouring one 


prediction over the other could not be made, although it does appear in general, that the 
smaller pressures resulted in more accurate judgements, expressing these in terms of 


either constant error or variability. 
i áth caution because of the possibility that 


experiment this occurred with a press 


matched by a comparator pressure o: 
problem further would be to see whether acccuracy of wi 


pressure when the width to be matched was a visual wi 
both directions (visual to kinaesthetic an 

Differences in the pattern of judgemen 
wherein subjects overestimated block width 


agree with those reported by Costello (1961) à s 
erestimated in the ascending series. 
workers. Some 


in descending series and und ; ' 

The general size of the DLs obtained agreed with those of previous 
reported DLs are: Jastrow (1899) 1/100; Gaydos (1958) 1/25- i (1958) 1/20-1/25; 
Stevens and Stone (1959) 1/20-1/30- This study found DLs ranging from 1/15 to 1/30. 
1 Research Council (Canada) 


This study was supported by Nationa! n 
The apparatus was made in ihe University of Alberta Physics worksho 


Riebeck. Our thanks are due to Prof. W. N. Runquist for his com 
draft, and to Mr. P. DeGroot for construction of ancillary apparatus. 
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APPARATUS 
AN E.C.G. GALVANOMETER USED AS A SHUTTER 


BY 


H. B. MORTON* and M. E, WILSON} 


From the * Department of Applied Electrobhysiology, National Hospitals, Queen ber 
London, W.C.r, amd TNeurophysiology-Biop]ysics Research Unit, Boston VA Hospital, 
Boston, Massachusetts, USA, 


the path of light from a continuously lighted high 
le that such a shutter should be mechanically simple, 
robust, silent in operation and easy to install in a straight line optical system. It should 
also produce light pulses having brief rise and fall times and durations readily varied over 
a wide range of values. Most of the shutters generally available, f. 


ail to meet one or more 
of these requirements (see below) but the device to be described has all the above character- 


The shutter Consists of a small piece of aluminium foil mounted on the writin 
an Electrocardiograph Pen Motor (a moving coil galvanometer). 
activated by the application of square electrical pulses from 
Circuit which is itself driven by a pulse generator. 


g arm of 
The galvanometer is 
a galvanometer amplifier 


0'5 millisec. The edge of this shutter was 
wide, in o:5 millisec T i i 
duration (0:5 millisec.) and independent of the tot: 


i al exposure time, provided this exceeded 
5 millisec. “A shutter used by one of 


the authors was operated in exce: 
i teration in the Shape of the light pulses. 


» of light pulses varying in 
i more than 1 sec. and having a total ris 
never exceeds ï millisec, The exposure durations are readily and accurately controlled 
by the pulse generator. The shutter can also conveniently be used either to produce 
trains of Pulses of any desired mark-space ratio by the application of appropriate sequences 
of electrical Pulses to the motor, or to "gate" trains of light pulses produced more 
conventionally by a rotating sector disc, 


—? Zero 
Pen motor 
driving 
coil 
OC25 
Input. 
I2 volt 


negative going 


Adjust. 
Square wave 


amplitude 


-10 volts 


Y 
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The driving coi 
7! coil of the pen 
and an angular of the pen motor used by the authors* had i 
ie amp. fer r sns ee ar disorbed a> radian, necessitating heec pd 
ransist T UV ed above. This current ; ero 
sköra d Le ini sw itched by a suitable timing circuit. dk cor throng a 
A in ure is operated by 12 v ]t negativi ; S er amplifier 
combina = y vo negative-going ulses E 
built for pom € pue Diem e aan amplifier could be poen GE sia nio Rb due 
a ar applications. scillation of th i g circus 
may be damped eitl - he shutter at the extremes of mov 
driving s d either mechanically by suitable stops, or electrically i ovemient 
Sa Soe nior ai at n Exe. 
Iti is readily aval able and relatively inex iv eration. 
Topai simple to install and easy to regulate. xpensive (the pen motor costs £30). 
convenient combination of characteristics provided by this shutter is not full 
uty 


m e any other device available. 

arizing s hutters (e.g. Kerr cells) are suitable only for mi 

t d E ^B. 1 r micros 

= ao ag likat transmission in the open to that in us closed du n) € A posee 

ONET ne exposure durations produced by conventional camera shutters are 

MEER] SY m and in consequence exposure times may vary considerably during 

TD etting. In the authors' experience the characteristics of these shutters do 
ain constant during prolonged use, and they are greatly affected by the rises of 


t 
SHEET often encountered in optical apparatus. 
otating sectors, while ideal for producing trains of identical light puls! 
y after considerable elaboration. It is cumbersome to alter the 


2 E singl gas ie ony 
"dr of the pulses of light which are produced either by rotating sect i 
n ES mirror shutters, especially if this alteration has to be E e EE 
atio of durations is large. 
The performance of the Electrocardiograph Pen Motor shutter is most closely matched 
be made to power a shutter by attaching 
lay exposes the light 


py bars electromechanical devices. Relays may 
Bess m armatures, extensions carrying opaque squares. If one re 
vus ; the second occluding it again, a simple shutter having a large amplitude of movement 
bebos e constructed, the duration of the light flash depending on the temporal interval 
Ree the electrical pulses activating the two relays. Unfortunately, however, this 
BHA iently large amplitude of movement i5 obtained only at the expense of adding the 
the li vagni of an extension to the armature, thus increasing ] times of 
5 cen it flash. The times taken for the shutter blades to expose or oc 
Clones wide were found by the authors to bei 
alter 4 differences in the position 1n which the armatures came to rest à 
es ed the time interval between the application of the following electrical pulse to the 
d Ay, and the consequent movement of the armature. 
ue of successive light pulses: à variation which was 
he duration of a nominally 7 millisec. flash to zero. j 
Finally, electromechanical vibrators and loudspeaker movements, while having à 
which is initially superior to that of the Electrocardiograph Pen Motor 
tricted range of "in the order of 
to a shutter then the shutter 


frequency response v 
when used as a shutter, provide à Very res 
is to be directly coupled to à 
which the image of the 


EOS in. Ifsosmalla movement 15 tO © À 
li n be very precisely aligned in the optical S a point at 
e source is Very small indeed ( 
equirement is often inconvenient espe! 1 
Subsequent remagnification of the image of the light source. Mechanica 
at technical skill if the weight of the levers is 
ively, the movement 


of the movement of the vibrator requires gr€ 
noving part. 


r the frequency response 0 x c 
i by mounting 4 mirror on its 7 
e, a light beam reflected 


es, can be made 


This cause 


sometimes sufficient to reduce 


a Maxwellian view Sys 
1 magnification 


ae to greatly impai } 

A the vibrator may be optically magnified 

ctivation of the vibrator may then displace, through an apertur £ r t 

from the mirror. Such @ device, however, is not readily incorporated into a straight line 
ed timing equipment may, with 


the associat 
e to provide controlled movement ofa 
It has also served as 


Optical system. 
z x h Pen Motor and 
n the arm. 


Eon ElectrocardiograP. N 

minimal modification of its writing arm, be used 

Projected stimulus, the transparencies being mounted [o 
nvisaged. 


à tactile stimulator and further uses can D° e 
Manuscrip January, 1966. 


1 received Sth 


* A standard E.C.G. pen motor made by Devices Ltd. A similar motor is made by, 
Co., in U.S. 


among others, Sanborn 
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OBITUARY 
GEORGE HUMPHREY (1889-1966) 


i er of the Experimental Psychology Society, George Humphrey was 

tree ep attended eur meetings and occasionally reviewed in eds es 
He addressed the Experimental Psychology Group at a meeting held at Cam 
pies man, Humphrey went to Leipzig to study experimental psychology doaa 
before the first War and later gained his Ph.D. at Harvard. _ In 1924, he MS NU 
to the Charlton Professorship of Philosophy at Queen's University, Kings aah ee 
where he built up an active Psychological laboratory in which much of his bee ae the 
was done. He returned to Oxford in 1947 as the first Professor of Pte a Ae of 
University and succeeded Dr. William Stephenson as „Director of the n. va E 
Experimental Psychology in the following year. After his retirement, Humphr r the 
for some years in Cambridge, where he was a frequent and welcome visitor 

chological Laboratory. 2d 

e Humphrey's output of experimental work was not large, some of it is very 
well known indeed. In 
classical. Humphrey al 


Of Humphrey's books, by far the best is The 
This remarkable book did much to set the study 
had wide influence in its day. i 
(1951) never quite got to grips with the problems in the s 
proved useful as a source book and histori i 
edited Psychology through Experiment and, with Mi 
Social Psychology through Experiment, both of which h: 
texts. it e 

Although he achieved distinction, George Humphrey never perhaps had quas 

He was an unassuming man who hated intellectual assertive the 
and perhaps for this re. i his opportunities. None 


O. L. ZANGWILL. 


BOOK REVIEWS 


a 
Vol. 17, 1966. Edited by Paul R. Farnsworth, om 
McNemar and Quinn McNemar. Palo Alto, California: Annual Reviews 

Pp. x + 589. $9.00. 


w 
contains 17 articles and includes two ne 
apanese Experimental Psychology,” 


ise 
Van de Geer and J. F. M. Jaspars. Two advertis 
ics; Electrophysiology and i [ to 
Annual Review must have great difficulties in deciding what 
^ eir chapters: very few of the titles could 
available space, Showing their awareness of this, 
intention to restri 


Een. heir review, 
limitations se i 


i k 
ychology) simply describe wor 


, th 
ure is entirely successful in n 
ez-Peén and Sterman's "Brain Functions." Faced wi 


; s 
cted to concentrate on their own research inue 
S useful detail and genuinely CSET 
meaningless title is "Cognitive Functions”; Van de Lb 
ite nearly four pages defining their intended subject, ee 
to end with the decision “to leave out oa ae ig is traditionally covered in o 

P- 149). 
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„On the whole, the best solution to the problem of selection would be to leave out 
uninspiring work and to concentrate only on studies that tell us something new. This 
step is not always taken. It is often difficult to tell whether the work is being reported 
accurately, so uninformative does it seem. The following, for instance, is hardly a novel 
finding: “Sherif and Sherif observed the group behavior of adolescent boys in natural 
od of five to seven months. The boys’ conscious concerns were with 
cars, girls, and sex; power was a critical dimension in group structure” (p. 31). Even 
less exciting is the description of a “genuine innovation" in psychotherapy that involved 
the use of “operant conditioning methods to get the adolescent to the interviews" (p. 71). 
In essence, the trick was to give the subjects pay, cigarettes and food if they attended: 
youngsters, jn other words can be bribed. A salesman would agree that this was good 
“Psychology,” but would be puzzled to find it described as a genuine innovation. 

‘Operant Conditioning,” by the way, is becoming a very popular phrase; it might help 
readers to know that it means giving people a reward if they do the right thing, and bears 
little relation to carefully controlled and analytical studies using the same name. 

It is perhaps a little naughty to poke fun at this sort of work: there is a danger of 
calling results trivial that would have seemed equally obvious had they gone the other 
way. This can be said in defence of many of the experiments reviewed by McGuire 
(Attitudes and Opinions), for instance the finding “that political slogans made more of 
an impact on subjects eating a free lunch than on subjects smelling unpleasant odors” 
(p.482). Even so, it is difficult to find significance in the observation that ''foremen and 
executives spend a great proportion of their time interacting with other people rather 
than working alone" (Porter: Personnel Management, p. 401). Foremen, after all, are 


paid to interact with other peopl ther example of “Operant 


Conditioning." 
The lack of solid 


settings for a peri 


e, and this is only ano 


the subjects is honestly described by the 
poche particulari pessimist pe ut xo years behind the 
Hint a Pil och is near to di pie “inet makita Th 
ATTEN à the te kmedicn describe i fat are not neal as vague as this 
tn et hap ot ing cor DENN 

I have not been able to mention all the contributions; they include helpful EERS 
of Color Vision (De 


Valois and Abramov), Psycholinguistics (Ervin-Tr E 
i Phi view te as useful 
Sa i k). This volume of the Annual Review 18 qui n 
E Prep ; neral criticism is that the writers often scatter their 
that many authors have the sense to 


achievement in some of 


ve its predecessors, and the poy ger Sees 
efforts over too wide a range © Opics. TEN EE ded, if 
h R ed editorial olicy is needed, 

ignore the rather vague chapter headings, but a chang ei Panesar of reference 


pen tp protect us from contributors who are tempted to vk CaN 
riously. . 
7. tional 
Pavlov’s Typology Compiled, edited and translated by J: A. e a n 
Series of Monographs in Experimental Payeho PRI ol. 1. 
Pergamon Press. 7664. BEPARVO 480. 84s. ME 
ies the writings of I. P. Pavlov have had Ta er li ; 4 
a U.S.S.R. on the contrary they have been immensely 
In. te pit call e doubted that their influence Se been 
i i rs away bstantially new 
mai investigators away 1" e 1 ly 
P eiae i po dn of dal details in a field, Ure pe iei qu 
reflex, hich Pa ‘lov himself had by 1917 taken about as far d E in’ A Aie: jet n. 
The. jp ti y glect in the West of Pavlov's work on coner Wai Tec. 
rest m ah ee nce; Anrep's translation of 1926 made em o *" ys per 
to E aeiy onsen REA But the research on behaviour-type g 
Pe epea nE a t in the last 15 years of his life has until now been largely 
nergy inr o those Western readers who can 


occupied much of Pavlov's € SUI s 

concealed ma Bo ama eee Ga physicists and chemists with ease 

cea the Russian of the great does much to end this concealment. _ He has translated 

we iN edet ish (considering the muddiness of the originals) an account 
J: 


at pom cede work on behaviour-types, and five recent papers from 
x . eplov 
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= iews the 
, added two chapters of his own. The first reviews th 
oo ts ag roe RA ees es which ne emina "rb ES 
um vith differences between dogs, E A 
behaviour between people, compared them wi : reus phone ERE 
A i "ian language, a language whose most stri king des 
o sce aont ate, worde that seem to imply particular interv s 
ae but never specify these mechanisms clearly enough to allow the eco of 
ee about them to be treated as hypotheses and sharply ee. Pad Pd his 
Pavlovian language and Pavlovian thought is one of which Gray is el a A S 
second chapter is an attempt to substitute definite hypotheses gos ME 
neurophysiological terms for those hinted at, but never clearly stated a! y ae ERE 
My attitude to this attempt is coloured by my belief that the task pen Ripe 
attempting; but if it was worth attempting, then Gray has done it w ea 4 eye teen 
completely bridged the immense gulf between Pavlovian language and t = ret: precise 
neurophysiologists, for his reinterpretations of Pavlovian ry ponte RE 
enough to be tested experimentally, but they make a big step in the E Sa oe 


ickman. 
Cognitive Processes and the Brain. Edited by Peter Milner and Stephen ee 
Insight Books, No. 30. Princeton and New Jersey: Van Nostrand. 1965. 

viii + 215. 15s. 6d. ($1.93) - he 

This latest "Insight book" contains 13 papers, some slightly abbreviated, mes 
periodical literature, all but three of which were published in the last Six years. ^ in Thai 

most are concerned with animal experiment, a few deal with neurological deficits in veri 
among them Hebb's admirable and somewhat inaccessible review of the effects viarios 
rain injury on intellectual development. The papers are prefaced by short Pg eri 
composed by the Editors, which are for the most part helpful, though it is rather s! REA as 
to learn that Psychologists have apparently to be told the meanings of terms Su may 
sclerosis or oedema, Although the Editors have undoubtedly chosen well, one 7 


: tomatic 
regret that students should be thus spoonfed, or should one say trained by the e 
delivery of intellectual food pellets? O. L. ZANGV 


Functions of the Corpus Callosum. Edited 
Group, No. 20. London: Churchill. 1965. 
In the absence of Dr. Roger Sperry, 


ark. 
must have been a little like a performance of Hamlet without the Prince of Denma 
None the less, Dr. George Ettlinger di i 


: 2 ^ : y E «ac directly 
first-rate workers and in organizing this admirable discussion. Apart from studies direc"; 


“aidot S 
employing the split-brain technique, mention should be made of Professor Whitteridge 5 
stimulating observations 


: ; D m FA b eves 
on inter-hemispheric visual organisation and Professor Je 
interesting studies of hu i 


I t sur. 
man patients with presumed agonesis of the corpus us 
The discussion is uniformly high-level, HC E 


ical 
An Index of Responses to the Group Rorschach Test. Studies of the Psychology 
Characteristics of Medical Students IT, By C. B. Thomas, D. C. Ross æ 


iversitY 
E. S. Freed. Baltimore: Johns Hopkins Press. London: Oxford Univer 
Press. 1966. Pp. xiv + 502. £6. 


psychodiagnostic studies. Althou 
really have anticipated the f 


as : s training 
with this immense volume, one may feel that he would have had difficulty in restrat 
a wry smile. 


Perception and the External World. A reader edited and with an introduction tg 
Hirst. London and New York: Macmillan. 1:965. Pp. viii + 310. 15s. ($1- D 
This book comprises a short but lucid account of the kernel of the je a 
perception by Professor Hirst. Each major point he makes is then elaborate 
reprinted essay by some authority: these essays comprise the bulk of the book. 
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irst describes first wh 
-— what the problems are, and i i 
Feces > po deal adequately with the Cee a ahs 
scence i a a lis pl ph Par discussed by one sidosngher anal mures 
philosophical dh oltz, Koffka). In Part II he presents discussions of th i 
s a ; that has been put forward to di vi is scienti d 
udi c E „been p ward to deal with this scientific evidence, as 
JESUS te try to give a descriptive account of what is actually going on i i 
sense-datum” theory: the case for i ice, Age cg 
Ed I ieory: se for is put by Moore, Price, Russell and A 
ase against by Austin and Ryle. In Part III i i iue 
ober EM yle. ar! he presents discussions of what hi 
: 3 ental problem of perception “WH iti s 
ew E des à P ption hether it is concluded that the 
What is CE a in perceptions are sense-data or percepts, the fundamental is: 
r relationship to external physi j ^ viae 
Teena i. ship xternal pi ysical objects?" He presents here two theories: 
presentative Realism and Sellars on Critical Reali ith comment 
Soe cal Realism, together wi 
ere by Russell and others. The last section deals with radical cones anth ei 
ey's and Phenomenonalism. Hirst grants that the representative theory has 


certai i 
ain clear-cut advantages, but he points to several well-known defects. (However, 
have made these difficulties less formidable). 


Hine work on the logic of representation may 
Dub PS that critical realism avoids some of the difficulties of the representative theory, 
Derce Ps s has been unable to present a convincing and comprehensive theory of 
B Ou UE ecause, he argues, this part of its programme "cannot be undertaken without 

Finall S Ris of the psychological processes 1n perception." 

ao iat us he concludes that Phenomenonalism remains for many quite unconvincing, 
ae ee ay we are in an impasse. The Direct Realism, to which many philosophers 
i A cannot s counter the scientific evidence nor provide a satisfactory 
thein 5 Ron of hallucinations and yet, as we have seen, the other forms of Realism have 
Sees i wn particular difficulties. However, Professor Hirst is not downcast by this and 
T his impasse as an intriguing and stimulating challenge to philosophical endeavour. 
posi his book may be warmly recommended to readers of this Journal as it presents the 
ition with a sophisticated understanding (which some philosophers tend to lack) of 
and should make 


ed money raised by experimental psychology for philosophy, 
sychologists take note of their own tion relevant to perception—for 


woi philosophical posi 

aust all have one, whether this be manifest or latent. J. R. SuvrürEs. 
essman and David F. Ricks. New York: Holt, 
$5.95 (cloth); $4.50 (paper). 
d was done at the Prince House 
z, the successor to H. A. Murray's Harvard 
h in the tradition of Murray's Explorations in 
d in paperback a few years ago. 
chart mood level and its fluctuations in 
of study. This involved the con- 
hich the subjects rated themselves 
hether people's ideas of themselves (as appro- 

fts of mood-level, and if so, 

atric theories. Finally, 
onality characteristics 
re on the whole 
fluctuation from those who show 
have been called a study of 


Mood and Personality. By Alden E. W 
Rinehart & Winston. 1966. Pp. Xi + 317- 
The work describe 


the whole happy 
short-term 
would 


are on 
ods undergo little 
lays this inquiry 
the better known personality tests, both 

is placed on the results of factorial 


bis distinguish people who 

Er DRY. or people whose mo 

ns er variability. In long ago € 
iperament. 

The methods used comprised several of 
Psychometric and projective, anda good deal of reliance 
analysis. Considerable use is also made of the Q-sort technique which we owe to William 
Ştephenson—who, incidentally, had a good deal to do with the inspiration of this project. 

ut the authors are not averse to using biographical and personal interview data to fill 
of mood (on the elation- 


Out the picture. 
de The most importan 3 s 
i reson dimension) fluctuation of mood appear to be relatively 
ndependent of one another. It thus makes sense to ask (a) what conditions appear to 
n the general level of mood; and (b) what conditions appear to govern short-term 
re od fluctuations. With regard to (a), the authors claim that their findings indicate that 
Ople who regard themselves as or the most part happy tend to be optimistic, self- 
hereas people who regard themselves as unhappy 


è RE 
onfident, controlled and decisive, W 


t finding seems to be that general level 


and short-term 
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i à E 3 onal 
tend to be pessimistic, low in self-esteem and dissatisfied in their pers 
ume i ject t ariation 

rela vith ipud to (b), evidence is presented that people little subject aem 
tend to be independently-minded, reserved, consistent in their standards, um dk 
some tendency to repress or deny feeling. Those subject to appreciable Wr Meer 
on the other hand, are apt to suffer more from inner difficulties but to show 

ater responsiveness and originality. j a. 
ili In the interpretation of these differences, the authors make much poy S e Jt is 
concept of "'ego-strength'" and its relation to the quality and stability o moD rations 
not clear, however, whether the latter are to be regarded as cause or effect o. 


cle n etical 
in "ego-strength." In general, the authors tend to stress constitutional and gen 
rather than environmental factors but do not seem ver 


e 
y clear as to how these are to b 
envisaged. i 

This study has considerable freshness and interest. 
the problems were conceived quite so broadly 
"individual differences in mood with constitutio: 


à s Dai mato- 
Thus it would not have been difficult to combine the psychological study w b ith the 
typing and to see whether any of the differences observed could be correlate: 


jects, toO, 
varieties of temperament adduced by Sheldon. In the case of the women subjects 
closer attention might well 


k . level. 
have been paid to premenstrual alterations in mood 
Although the authors w 


alseraty rudy of 
ere clearly anxious to restrict their inquiry to the study 
normal people, certain of the problems i 


studied in a psychiatric setting. Fore 


ive 
: : $ ; affectiv 
mood shifts are much more apparent in patients in the course of recovery from 

illness than in the normal. 


might 
A technique which allowed these to be properly assessed mig 
be of considerable value in psychiatry. » «personal 
It should be said that anyone who may be tempted to use the authors P of the 
feeling scale" with undergraduates in this country should take warning that Ld mus 
items may not be un For example, the present review ari 
admit to some hesita n more encouraging moods with rr snb o; 
criteria such as “ t goodness’’ or "I am a surging RU to 
Somehow, the language of elation is altogether too flori 


t 
One might regret, perhaps, pu. 
and that no attempt was e ains) 
nal factors of other kinds, e.g. phy 


, greatly 
the dimensions of temperament is to be miry 18 
welcomed, the present reviewer is not quite convinced that this particular n A 
He would have preferred to have seen more use 
ratings by others as well as self-rati i 


other possible indications of constitutional aay al 
would also have welcomed closer analysis of the relations between mood an 
personal experiences during the 6-w. ] prov 
Very few recent studies devoted to the exploration of temperament and may wel Hes 
a groundwork for the more systematic study of affective disorder. O. L. ZANG 


Personal and Organizational Chan, 


roach- 
ge Through Group Methods: The Laboratory Abh ley: 

By Edgar H. Schein and Warren G. Bennis. New York and London: 
1965. Pp. x +376. 62s. 


book 


e ; 5 his 
50,000 people according to the authors' claim. E 

Measure of the i e, since the people concerned ha 
This, then, is an important area of h 
Bennis have tri pora 

social science -oriented material. The most common type of cipi: 2: 
is a residential 2-week period in which the entire Social experience of the parti S n this 
learning. There are many ingenious variation: 


in othet 
à y the method are identical to those presni once 
forms of education and therapy, and the techniques which are presented here ur aim of 
In this respect the book is likely to fail in 1 


Ld 
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acquainting a wi i i " 
g ider audience with the method for which simpl i 
- be um the reports are very valuable. E E arailabis, 
e enthusiasm of the contributors shines through it i 
doge the ribut gh most of the essays, but 
es pity that they diminish this with a pseudo-language. After all, MD Hee 2 dd 
outinization" or “learnings” to their vocabulary? This is not carping criticism 


sin i 
xs ia use of such terms mostly serves to provide stones for the many existing opponents 
3 Dovcras HOOPER. 


Laborator i j i 

y Experience in Psychology: A First Term's Work. By B. Babin i 
Oxford: Pergamon Press. 1965. Pp. xxiv + 240. 258. * dini 
gton Smith was introduced to “practical psychology” 


a Ini : B 
t the University of Cambridge. He suffered then, as he says, “a deep frustration" and 


saw repeatedly the disruption of the good w 


eal ea in 1932 he joined the psychology 
was given charge of practical teaching and resolved to try to develop a course that would 
i of his students and lead them to a genuine understanding 


years. This book des- 


tion, the introductory course which his 
ide interest and could be studied with 
ental work in 


to introduce students to experim 

Psychology. 

D Babington Smith claims that his desi. 

ix three principles: (1) the st 

ae must “have an intelligible aim"; 
1 amiliar’’; (3) each step in suc! 

already reached." 


gn for a first 
always understand what he is 


(2) he must proce 
ar to follow intelligibly from positions 


‘His own classes began with a series of Demonstrations arranged to illustrate “The 
Evidence of Our Senses”? A student reports his own evidence in detail, and the collected 
reports are discussed by supervisor and students together. His selected Demonstrations 
cover matters such as the after-effects of colour; appropriateness of names to visually 
presented forms; effects and aft g spirals; some of Michotte's 
well-known displays of the apparent rel in movement. Any instructor 
could, however, make a different choice according to his ov s and available 
equipment. 2 
Following the Demonstrati! of experiments are carried out; there 18 à. final 
recapitulatory session. How to arrange and discuss the experi s are exhaustively 
À t lete the First Term’s Work. The leading idea is 
e more and more 


described. T 4 
è t xercises comp! 
cee mg ive level and gradually to becom € 
i red in this book are 


for experi E ENG 
xperiment to begin on à descriptive i 
abstract, “ ” antitative. Thus the topics conside: i 
, "controlled and qu the control of Meaning, including normal forgetting, 
‘ ing beneath recognition,” 


M) Serial Reproduction; (2 
een, nonsense syll j| 
ainly through tactile experi ; d : 
and thei isi ; (6) Length in relation to ‘ € 
As their parts in peter any different choice of specific 
experiments, provided he adopted the same kind of progression, from qualitative to 
Quantitative, and from descriptive to statistical. Babington ca en Mia he 
and hi x ^ e treatment of resu s 
is students did, how hejenem of the work for psychological 

t could be condens! 


tion of weight; (5) Extent and Density 
"frames of reference.” 


ae and his own observations © 
erstanding is written out in very : 
at a good i it is perhaps @ bit o y that no attemp 
by seca evide ye pit = the Tarse proposed produces effects different from and better 
than the m: ence Jr ional approaches. here is however no other book that makes as 
ore tracio p o deal with the problems involved, and the volume 

in the teaching of experimental 


Serious and thoughtful an atte 

deserves serious E nsideration from all who are concerned in 

PR i d very controversial "Editor's foreword” by Professor Patrick 

Meredith is a lively—and VOY F. C. BARTLETT. 
London and Princeton: van Nostrand. 


Animal Dri ited b George A. Cicala. 
De Hen. E 1965. Pp. vi + 205. 199. 6d. ($1.05) 
This is another collection of journal reprints, being aimed this time 


at the physiological 
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psychologist. Seventeen papers grouped under three headings deal with the physiology 
of drive (five papers), its causes (seven), and its effects (five). Only two of the reports 
(including one by the anthologist himself) originally appeared within the last 10 years, 
and it is hard to see how a collection like this could possibly live up to the publishers’ 
claim to cover the “present state and direction” of the subject. The subject has of 
course, been advancing at an almost explosive rate during the past few years. 

Although the volume comprises an otherwise fairly predictable selection of names 
such as Mayer, Brobeck, Olds, Sheffield, Skinner, Hull and N. E. Miller, there is scant 
attention to theoretical work but a rather puzzling emphasis (four papers reprinted in 
their entirety) demonstrating “the belief that hunger drive increases with increasing food 
deprivation"—hardly the most exciting discovery in the field. Most of the reprints are 
from A.P.A. journals, and all but three would probably be available in the average 
departmental library. L. J. HERBERG. 


Vision in Vertebrates. By Katharine Tansley. London: Chapman and Hall. Science 
Paperbacks. 1965. Pp. vii + 132. 12s. 6d. 

The title of this book is slightly misleading, for vertebrate vision encompasses much 
more than an author can deal with in a slim paperback. It is therefore important to 
state the kind of material discussed by the author, and her approach to the subject. 
A great deal of anatomy and physiology is included, almost all of it concerned with the 
eye. For example, there are chapters on the anatomy and histology of the eye, retinal 
physiology, the visual pigments, and accommodation. The brain is hardly mentioned. 
The structure and physiology of the eye are throughout related to the behaviour of the 
animal, but it is behaviour chiefly in the sense of Natural History and Ethology. For 
instance, the visual apparatus is related to the style of life of the animal, such as nocturnal 
or diurnal habit, hunter or predator, aquatic or terrestrial. There is little reference to 
psychological experiments on vision, for whether a rat can discriminate between various 
patterns, whether monkeys without a visual cortex can see, why man experiences visual 
illusions, are all questions outside the scope of the book. 

Nevertheless, this book should attract a fairly wide audience, chiefly introductory 
students of physiology and zoology, but also psychologists who would like to know about 
the eyes and habits of animals that are rarely studied in a psychological laboratory. 
Many difficult and controversial topics are mentioned rather than discussed, for example, 
the opponent processes theory of colour vision. But whenever this occurs reference is 
made to original papers in what is an excellent bibliography. Indeed, it is refreshing to 
see so few secondary sources cited in the references. The student is even referred to 
Young's 1807 book for an account of his trichromatic theory. This may deter the layman, 
but is just what the serious student needs. i 

There is a brief and final chapter on "What do animals really see?” Its message is 
that a knowledge of the anatomy and physiology of the eye is not sufficient to describe or 
account for visual behaviour, which must be settled by behavioural experiments. This 
nicely restores the balance. i ALAN COWEY. 


The Psychology of Childhood and Adolescence. By C. I. Sandström. London: Methuen. 
1966. Pp. 259. 36s. 

Professor Sandström is best known to British psychologists as an editor of the 
Scandinavian Journal of Psychology and of Acta Psychologica, but the present book is 
addressed to a wider audience. In its original Swedish edition, it enjoyed a wide success 
both among teachers in training and the general public, and it can therefore be judged 
only in terms of the audience at which it is aimed. It is at too low a level for under- 
graduate courses in developmental psychology, while students of education and others 
needing to acquire a systematic knowledge of child development can turn to somewhat 
more rigorous but still readable textbooks—Lovell’s Educational Psychology and Children 
being a case in point. Asa Methuen Manual of Modern Psychology, Professor Sandström’s 
book is a disappointment. Incredibly, it contains no references whatsoever, except a 
score of "suggestions for further reading” at the end of the book. 

The orientation is broadly biological, and there are some useful discussions of 
imprinting and the work of the ethologists, though to say that their work “provides à 
comprehensive empirical complement to the psychoanalytical approach" (p. 88), may 
strike some as far-fetched. Professor Sandstróm has, unfortunately, chosen to follow 
Gesell in giving a year by year account of child development, which leads him to say of 
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the four year old, “The child changes rapidly from shyness to frankness, which makes 
him socially unstable" (p. 51). He follows an outmoded orthodoxy in subscribing to a 
rigidly genetic viewpoint involving I.Q. constancy (“A person with . . . the average 
quotient of 100 in his fourth year should keep this average at later testings" (p. 137)). 

Other inaccuracies include the statement that deaf babies do not babble, and the use 
of M. K. Smith's 1926 norms on vocabulary growth which have been frequently shown 
to be inaccurate, and are largely superseded by T: emplin's work; moreover, sex differences 
in language development are no longer taken for granted. Spelt's work on “foetal con- 
ditioning”’ is enthusiastically quoted as an example of early learning, though the study was 
poorly controlled and rejected by authorities such as Peiper. 

Despite some serious deficiencies, the book is a painless introduction to the subject, 


even though it cannot be recommended to the serious student. The photographs are 
delightful. P. MITTLER. 


Drives, Affects, Behavior. Volume 2. Edited by Max Schur. New York: International 
Universities Press; London: Bailey Bros. & Swinfen, 1965. Pp. 502. $10.00. (90s.) 

'This is a volume of essays in honour of the late Marie Bonaparte. While the 
contributions are almost entirely on psycho-analytical topics, experimental psychologists 
might be interested in a paper by Dr. G. S. Klein on hearing one's own voice and an 


account of psychological testing of Tibetans and Todas by H.R.H. Prince Peter of Greece 
O. L. ZANGWILL. 


and Denmark. 
Nonparametric Trend A nalysis. By George Andrew Ferguson. Montreal: McGill 
University Press. 1965. Pp. 61. $1.95. j r 

An experimenter often wants to know whether his data show an increase or a decrease 
over a sign ul ves iid or whether the relation is U-shaped or has some gee 
This little book is a practical guide to nonparametric techniques for such e rm Ma 
The statistic “S” is used, which is perhaps most familiar as a constituent o; pom s 
tau,” but is in fact of very general application. As the author points out, me ann- 
Whitney and Wilcoxon tests can be seen as special cases of techniques described Bee 

The book is compact, clear and untechnical. Two criticisms can be made. mety 
a newcomer to trend analysis would benefit from more discussion of the pitfalls in the 
interpretation of tests for U-shaped or zig-zag trend. Secondly, the problems a 
from tied data could well have a fuller discussion. There is no explicit considera’ e 
this for the small-sample case, and there are objections to the procedure propone cs 
large samples. (See, for example, Jonckheere in Biometrika, 1954.) Nevertheless, 


1S a useful st t to the standard ment x arametric statistics. 
a elementary texts on nonparam c 
1pplemen to tl Ty 


Elementary Applied Statistics: for Students in Behavioral Science. By Linton C. Freeman. 


London and New York: Wiley. 1965. Pp.x + 298. 538. " 

"This is an introductory textbook, requiring no mathematical big der pers nm 

on the assumption that formulae frighten people. Asa conseq dene. i pde = on 

and wordy for some readers. Both parametric and Rip oer ae nl egi m 

he layout is unusual, being based on the treatment of all statis ica qu : piobar 
of association, Thus testing the significance of a difference between two group: 


a special case of testing strength of association between two variables, sus an (ne 
dichotom: ) and one ordinal (or whatever is appropriate). It seems doubtfu hat this 
arran; Me t has sufficient advantages to justify its use in an introductory textbook, 
but Toit esl to those who like to regard science from Professor F teeman 6 Aii ac 
a a T » , I E. 
as "the deca relationships among variables. AUL WHITTLE 


By Paul Fraisse. Paris: Presses Universitaires de 


La Psychologie Expérimentale. 
France. 1966. Pp. 128. 


Despite the paperback boom, nothing quite like the French “Que sais-je?” series 


E s d monographs covering an immense 

exists in E ges: lection of over one thousan mo £ 1 

range ot Ie 8 fos by a distinguished expert giving a survey of his particular 
Des: See best for a price of a few shillings a volume. Professor 


field. isd ization at its n olu 
Hoe oe pie “additions to the series, succeeds in outlining the type of 
problems which confront experimental psychologists and the methods they use to tackle 


them, in a readable but far from superficial manner, by taking a selection of experiments 
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on specific problems. The book should do much to remove misconceptions about the 
role of the psychologist in the minds of the French reading public, and it is perhaps à 
pity that there are not more good popularizations of this kind in English. 

R. Davis. 


Deranged Memory. By G. A. Talland. New York and London: Academic Press. 1965. 
Pp. 356. 76s. 

In this excellent book, which summarizes 6 years of hard work and the contents of 
several previous publications, Professor Talland describes the differences between a 
carefully selected group of 29 Korsakoff patients and two groups of matched controls 
drawn from psychiatric and orthopaedic hospitals. The author's main aims were: 

(1) to determine and compare the actual capacities and skills in the two groups, and 

(2) to test various hypotheses about memory disorder. 

Clinical descriptions of the orientation, mood, affect and confabulation typical of the 
Korsakoff state are followed by an excellent summary of the literature on the subject 
given in its historical context. The author's ability to read these papers in the original 
and to distil their contents deserves our deepest gratitude. The various theories which 
have been put forward to account for amnesic states are critically discussed. 

It is in the experimental section, however, that readers of this Journal will clearly be 
most interested. The intelligence, judgement and reasoning as well as the linguistic, 
drawing, visuo-motor and perceptual skills of the Korsakoff patients were compared with 
the control groups on a large number of tests. No significant differences were found as 
long as all the data necessary to solve the task were present at a time the solution was 
required, i.e. if retention and recall of data were not involved. 

It was, as anticipated, on the memory tests that the groups showed complete divergence. 
Whatever type of test they were given the Korsakoff patients seemed to take in less than 
the controls and to forget faster. These are not in themselves new findings but Professor 
Talland's discussion of their implications is refreshingly original. He points out that to 
call the Korsakoff syndrome a disturbance of memory is merely to beg the question. 
What is Memory? The accepted phases of registration, retention and recall are not 
clearly distinguished in the amnesic state; for in these patients information that appears 
to have been forgotten will often emerge in unexpected forms or places. It is by 
studying the actual behaviour of Korsakoff patients rather than by trying to list their 
defects that one may hope to gain a clue as to what has gone wrong, and if their difficulties 
can be explained by any one single causation, Professor Talland concludes that it would 
be by the loss of (or premature closing of) a hypothetical "general activating function." 

MovRA WILLIAMS. 


Scripla Hierosolymitana. Publications of the Hebrew University, Jerusalem. Vol. XIV. 
Studies in Psychology. Edited on behalf of the Department of Psychology by 
Rivka R. Eifermann. London: Oxford University Press (Jerusalem: Magnes 
Press). 1966. Pp. 230. 435. 

This volume is divided into four parts, dealing respectively with child development, 
social behaviour and personality, tests and measurement, and cognitive processes. Only 
the last two are likely to be of direct interest to readers of this Journal, in particular 
Eifermann's article on selection strategies in concept attainment and Schlesinger's on 
stimulus redundancy in a card-sorting task. Other papers are concerned with the 
development of smiling in infants from diverse environments (e.g. family, institution and 
Kibbutz), the growth of motor control in relation to intelligence, and a study of reactions 
in Israel to the Eichmann trial. Although the breadth of psychological interest revealed 
by these studies is encouraging, it is little disappointing that experimental psychology as 
understood today seems hardly to have got off the ground. O. L. ZANGWILL. 


The Psychology of Ego-Involvements: Social Attitudes and Identifications. By Muzafer 
Sherif and Hadley Cantril. London and New York: Wiley. Science Editions. 
1966. Pp. viii + 525. 19s. ($2.45). 

This is a paperback reissue of a book which created quite a stir when it was first 
published 19 years ago. Its impact was probably due to the authors’ attempt to bring 
greater realism into social psychology while retaining the advantages of quantitative 
treatment. In spite of the fact that the lessons it taught have been largely learned, it 
still remains bright, fresh and readable. O. L. ZANGWILL- 
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PARTIAL REINFORCEMENT AND BREADTH OF LEARNING 


BY 
N. S. SUTHERLAND 
From the Laboratory of Experimental Psychology, Sussex University 


artial reinforcement were undertaken to test predictions made 


Two experiments on p: 
by a two process model of discrimination learning. In the first experiment rats were 


trained on a discrimination involving two relevant cues: one group (C) was trained on a 
100 :0 schedule, the other (P) on a 50:0 schedule. Both groups were then given transfer 
tests with the two cues presented individually; finally all animals were extinguished on 
the original training stimuli and on the single cue stimuli. During extinction there was 
à negative correlation between the number of correct responses made by individual 
Subjects of Group C to each single cue; whereas the correlation was positive for subjects 
of Group P. The second experiment employed basically the same design, but subjects 
were trained with seven relevant cues. The results of transfer tests showed that subjects 
of Group P learned to attach the correct response to many more cues than subjects of 
Group C. This suggests that the breadth of learning is greater under partial than under 
Consistent reinforcement. The results were predicted by the model of discrimination 


learning under test. 


that discrimination learning involves two distinct 
Processes—learning to which dimension of the stimuli to attend and learning to 
attach the correct responses to the relevant dimension (Mackintosh, 1965; Sutherland, 
I964a; Zeaman and House, 1963). Sutherland (19646) has suggested that the 
effects of partial reinforcement on extinction may be explicable in terms of such a 
theory. It is assumed that animals have a number of different analysers each of 
Which analyses a particular dimension of the stimulus situation. Only when an 
analyser is switched in can the animal learn to attach the correct responses to its 
Outputs. It is further assumed that analysers are strengthened when their outputs 
can successfully predict reward and punishment or any other events of differential 
importance to the animal. Thus if a rat is learning to jump to black and not to 
white in a jumping stand, once the correct response attachments start to be formed it 


will i rarded after the output corresponding to black occurs from 
word eee t will consistently fail to be rewarded after the output 


the brightness analyser and i 

corresponding to white has occurred. The idea that analysers are only strengthened 

When their outputs are correlated with differential events of importance to the 
r is more potent when its presence has 


animal lain why a secondary reinforce: 1 
ruere put iis abs d than when animals have been given 


ence non-rewar nin 
only rewarded trials in its presence (Notterman, 1951). A similar proposal has been 
Put forward by Egger and Miller ( 


1962) who suggest that only stimuli providing 
inforniation to the animal become secondary reinforcers. The present hypothesis 
is plausible on more general grounds since from a teleological standpoint the most 
Useful stimulus dimensions are those which can be used to predict events of 


Importance to the organism. 


Recent work indicates 
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In a consistent reinforcement (CR) situation, there will normally be many 
different stimulus dimensions present and whichever one the animal attends to, it 
can consistently secure reward by attaching the correct responses to the appropriate 
points on that dimension. During partial reinforcement (PR), however, no feature 
of the stimulus situation can ever be fully correlated with reward. We might 
expect that under CR the response will be attached only to the outputs from one or 
two dominant analysers since it has already been shown that in CR the more that 
an animal learns about one cue, the less it learns about a second (Sutherland and 
Mackintosh, 1964; Sutherland and Holgate, 1966). In extinction, animals must 
either extinguish the response to the few analysers used in training, or extinguish 
the analysers themselves. In PR training, however, since no analyser consistently 
predicts reward the animal should try out many different analysers: the response 
will come to be attached to many analysers, and in extinction the response must be 
extinguished separately to all those to which it has been attached. If we assume 
further that when responses are attached to many different analysers of low strength 
extinction takes longer than when responses are attached only to one or two analysers 
of high strength, then we have a new explanation for the effect of partial reinforcement 
on extinction. The present explanation is not necessarily inconsistent with others 
that have been put forward, since the partial reinforcement effect may well be 
overdetermined and be due to the operation of several different factors. Putting 
the above argument anthropomorphically, it is as though under PR animals notice 
more different features of the stimulus situation than under CR. 

The present article reports two experiments undertaken to test this explanation 
of PRE: a more indirect test has been reported elsewhere (Sutherland, Mackintosh 
and Wolfe, 1965). 

EXPERIMENT I 

It has been shown that if rats are trained with CR to discriminate between two 
conjoint cues, and are later tested on performance with the two cues presented 
singly, there is a negative correlation between individual animals' performance on 
each cue (Sutherland and Mackintosh, 1964; Sutherland and Holgate, 1966): in 
other words the more an animal learns during training about one cue, the less it 
learns about the other. If, however, subjects are trained with each cue presented 
singly on alternate trials, then there is a. positive correlation between the number 
of trials taken to learn to make the correct response to each cue. According to the 
hypothesis under test, animals given PR should not strengthen one analyser at the 
expense of all others: they should keep trying out different analysers in an effort to 
find one which yields consistent predictions about reinforcement. It should follow 
that subjects trained with two conjoint cues under PR should show a positive 
correlation between how much they learn about each cue: they will behave like 

subjects given alternating trials with two cues presented singly. The present 
experiment tests this prediction. 


Apparatus 

A modified Lashley jumping stand was used. Subjects were trained to jump from 
a. Y-shaped jumping stand on to a ledge protruding in front of the stimulus windows in 
order to obtain food from a food well behind the windows. The apparatus was painted 
matt grey. Fuller details of the apparatus and experimental procedures appear 10 
Sutherland and Holgate (1966). 


Procedure r 


All subjects were kept on a 22-5 hr. feeding schedule, being given free access to food 
for r:5 hr. each day 10 min. after they had been run. All subjects were pretrained to 
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„jump to plain grey windows and push them down to obtain food. During training animals 


received ro trials a day with an 8 min. intertrial interval. On rewarded trials subjects 
Were given I5 sec. access to small pellets of Purina chow: water was also present in the food 
well. On trials on which no reward was given, rats found the stimulus window locked, 
and were removed from the ledge to which they had jumped after 5 sec.; no correction 
ofa wrong choice was allowed. After training, transfer tests were given in alternation 
with retraining trials. On transfer trials, both windows were unlocked and animals 
always received a food reward whichever way they jumped. The order in which transfer 
tests were given was balanced so that each member of each pair of transfer stimuli appeared 
equally often on the left and on the right, and equally often on the same and the opposite 
side to the positive stimulus of the preceding retraining trial. Finally, all subjects were 
extinguished by running trials with both stimulus doors locked. 


Subjects 
The subjects were r9 male hooded rats about 4 months old at the start of the 
experiment. 


Experimental design 


The experiment was run in three stages. i 

Training. Subjects were trained to jump to a white horizontal rectangle and to avoid 
a black vertical rectangle. Thus they could solve the problem in terms of either the 
brightness or the orientation differences between the stimuli or in terms of both. They 
received ro trials a day for 20 days. 

Transfer tests. Subjects were next given retra l 
stimuli x hei with transfer test trials on which one or pies WES 

e sw i ac. 

Was presented, Forty transfer tests were given, 10 On eac 1 T : 

i i , c i ;hite vertical vs. black vertical, white 
rectangles: white horizontal vs. black horizontal, whi — oe beds 
horizontal vs. white vertical, black horizontal vs. black vertical. e first. P r 
transfer shapes test how much animals learn at the first stage about the hagas e 
the second two pairs how much they learn about the orisu qose cue. Eu m gl 
Measured 10 x 2 cm. and were made from } in. Perspex glued to the centre grey 


Stimulus windows. 1 ] -— 

Extinction. All animals were given 60 extinction trials (12 a day) ve cef un 2 
windows locked. Twenty trials were given with the original Ei à 5 pi sana 
with each of the four transfer pairs set out above. Every third trial was wi 


M. ined with CR ( 

T je ;roup C) were trained wit ) é } j 
to be ponis REDITU 3 per cent. reinforcement for jumps to the pe cy 
nine subjects (Group P) were trained under PR and were given 5o per c E nd 
for jumps to the positive, o per cent. for jumps to the negative. 


i etermined 
reinforcements and non-reinforcements for correct jumps ee ip eia dg Vd awe 
by Gellermann orders. During transfer tests, all animals received t "ge owe pe tag 
Schedule on the retraining trials as they hag Er er b xd uerus 
wer i d whichever stimulus 1 a 
E R ao O ent was given and rats were removed from the jumping platform 
if they failed to jump within 2 min. 


raining trials with the original training 


100 per cent. reinforcement for jumps 


RESULTS 
Training 


Group C reached a criterion of all 1o trials correct within a single day in an 


i i is significant by a Mann- 
= : P in 137 days. The difference is significa lan 
Whitney U ram fae than the o-or level. Over the last 40 trials of training 
Group C made 98 per cent. correct jumps, Group P 91 per cent. 


Transfer tests 


Group C scored 97 per cent. corre 
black-white transfer tests, and 88 pe 


ct on retraining trials, 83 per cent. correct on 
r cent. correct on horizontal-vertical transfer 
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tests. The corresponding scores made by Group P were 82, 67 and 68 per cent. 
If we combine the probability of a correct response occurring with each of the single 
cues to predict performance with two cues according to the formula 


P = fyba/ (iba + (1-1). (1-22)) 
where P is the probability of a correct response with both cues present, and p, and 
pa the probability of a correct response with the single cues present alone, then the 
retraining results are accurately predicted from the single cue transfer tests. The 
formula yields a prediction of 97 per cent. correct on retraining trials for Group c 
and 8r per cent. correct for Group P. 

Product moment correlation coefficients were calculated between individual 
subjects’ performance on the brightness and on the orientation transfer tests. For 
Group C, 7 = oo and for Group P, y = +033. Although the difference is in the 
predicted direction it is not significant: moreover, the correlation for Group C was 
not negative as it was found to be in other experiments (Sutherland and Holgate, 
1966). The reason for the failure to obtain a negative correlation for Group C may 
be that subjects had received so much overtraining on the original two-cue shapes 
that they had learned about both cues. Thus three animals of Group C made no 
mistakes on either cue. 


Extinction 


The results are summarized in Table I. Group P made significantly more 
responses than Group C: this is the normal PRE effect, and is explained on the 
present theory by the assumption that the response of jumping is conditioned to 
the outputs from more analysers in Group P than in Group C. The ratio of correct 
to wrong jumps is significantly higher both on retraining and on transfer trials for 
Group C than for Group P (p < o'ox by Mann-Whitney U tests). This also is to 
be expected, since Group P should have the response of jumping conditioned to 
irrelevant cues more strongly than Group C. Thus, if Group P subjects adopt a 
position habit during training, they would be rewarded on 25 per cent. of trials as 
against 50 per cent. if they respond correctly to either of the two relevant cues. 
Since no cue enables them to predict reinforcement with complete consistency, the 
position analyser should be strengthened relatively more for Group P than for 
Group C: Group C can achieve roo per cent. success if they attend to the relevant 
cues and only 50 per cent. if they attend to position. (The argument assumes that 
there is a bigger subjective difference between roo and 50 per cent. success than 
between 50 and 25 per cent. success.) If, then, the response is strongly conditioned 
to irrelevant analysers in Group P, they will make a lower ratio of correct to incorrect 


TABLE I 


EXPERIMENT I—EXTINCTION 
a 


Two cues White-Black Horizontal-vertical 

R wW N R W N R Ww N 

Group P ..| 67 8 25 57 18 24 58 13 29 
GroupC ..| 64 I 35 46 3 51 46 8 46 


———————————————À——————————— 
R = Per cent. correct choices. 
W = Per cent. errors. 
N = Per cent. failures to jump. 
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De eei pe Group 6 ur. their responses will to some extent be determined by 
stale, analysers even when the relevant cues are present either together or 
] If, in extinction, some responses occur when irrelevant analysers are switched 
in, we would not expect much difference between correlation coefficients for Groups 
C and P if the coefficients are calculated on ratios of correct to total responses ew 
on the two sets of transfer tests. Such ratios will reflect not merely the relative 
amount learned about the two relevant cues but the strengths of irrelevant analysers 
and the strength of irrelevant analysers will affect ratio scores on both cues in the 
same way, thus tending to produce positive correlations. The correlations were in 
fact +065 for Group P and +0-21 for Group C. The difference is in the predicted 
direction but is not significant. Moreover, it is positive for Group C rather than 
negative. Once again no high correlation could be expected for Group C since there 
was very little variation in individual scores—three subjects in fact made no 
mistakes on either set of transfer stimuli. The absolute numbers of correct responses 
given to the transfer stimuli do vary considerably from animal to animal, and the 
strength with which each relevant analyser is switched in and the strengths of its 
response attachments will largely determine the absolute number of correct responses 
made to each single cue. Calculating 7 for absolute number of correct responses 


made by individual subjects to black-white and to horizontal-vertical, we obtain 
values of +-0-80 for Group P and —0:86 for Group C. Both of these coefficients are 
in the predicted direction 


significant at the o-o1 level of confidence, they are both i 
and the difference between them is significant at the 0-001 level. The prediction 


made by the theory is therefore strikingly confirmed. 


ExPERIMENT II 
he theory than that reported in 


A rather more direct test can be made of t 
that rats trained under PR will 


Experiment I. The most obvious prediction is 
learn to attach the correct response to more features of the stimulus situation than 


rats trained under CR. We can discover whether this is true by training animals on 
à discrimination with many cues always present and relevant and then giving 
transfer tests with one cue at a time to find whether subjects trained under PR have 


indeed learned about more cues than subjects trained under CR. 


he start of the experi- 


Subjects and procedure 
e the same as 


The subjects were 3 
ment. The basic proce 
in Experiment I. 


5 male hooded rats about 4 months old at t 
dures used in training, testing, and extinction wer 


Training stimuli 


E The visual stimul 
Square, diamond and circles 


e shown drawn to scale in Figure 1. The 
were made from lin. thick Perspex and were respectively 
mounted on top of the striped back- 


White, bl i fP c were 
, black and grey. The pieces of Perspex we | 
h i0 s was 14 cm.? and they covered the whole stimulus 


Bround. The area of the patterns ; a ; 
Window, Thus there were five visual dimensions: horizontal vs. vertical stripes, narrow vs. 
toad stripes, white vs. black central shape, square vs. diamond, circles at bottom vs. 
Circles at top The visual dimensions were always combined in the way shown. In 
Addition the arm of the Y-shaped jumping stand pointing to stimulus A was made of 
Metal, and the arm pointing to stimulus B was made of rubber: the rubber and metal 
foul be readily interchanged between trials and it was hoped that they would serve as a 
actile cue, although rats may also have been able to see the difference between them. 

€ seventh stimulus was provided by a bell which was sounded as each animal was 
Placed on the jumping stand. The bell was behind and to one or other side of the 
Jumping stand and all subjects had to learn to jump directly away from the bell—i.e. 


i used during training ar 
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to select the window on the opposite side of the apparatus to it. The bell was turned off 
5 sec. aíter the subject jumped. 


FIGURE 1 


Training shapes. 
Experimental design 

Training. Eighteen rats were trained under PR, 17 under CR using the same 

schedules as in Experiment 1. Half the subjects in Group P were trained with stimulus A 
positive, half with stimulus B positive; within Group C seven subjects were trained with 
A positive, eight with B positive. All animals were given 200 training trials, 10 a day, 
using a non-correction procedure. From trial 101 onwards, any subject that had jumped 
on all ro trials of the previous day to the same side was given manual guidance to the 
non-preferred side when it was correct and reinforced until the position habit was broken 
(i.e. until it jumped once of its own accord to the non-preferred side). 

Single-cue transfer tests. In the first series of transfer tests given immediately after 
the end of training, 20 trials were given with each cue present in isolation. When a 
visual cue was tested the bell was omitted and the floor of the jumping platform was made 
of wood on both sides. Thus horizontal and vertical stripes were shown with no other 
visual cue present: on ro trials the stripes were broad, on 10 narrow. Similarly narrow 
vs. broad stripes were tested giving 1o trials with both stimuli having horizontal stripes 
and 1o with both stimuli having vertical stripes. Black vs. white was tested for 10 
trials with two squares and for 10 trials with two diamonds of opposite brightness using 
a plain grey background on the doors. Square vs. diamond was tested with black shapes 
on half the trials and white on the remaining trials. The circles were presented at top 
and bottom of plain grey doors. To test metal vs. rubber and side of bell, plain grey 
stimulus doors were inserted. Ten trials were given a day and every other trial was a 
retraining trial with all seven cues present. 

Double-cue transfer tests. The subjects and the experimenter were given a week's 
rest after the conclusion of the first series of transfer tests. After 2 days’ retraining with 
the original shapes, animals were next tested with every possible pairing of two cues at 
a time: once again transfer tests were alternated with retraining trials. Twenty-one 
pairs of cues can be formed from seven single cues, and six transfer tests were given with 
each of the double cues. Again, ro trials a day were given including retraining trials 
with the seven-cue stimuli. 

Extinction. Finally, all animals were extinguished by giving 80 extinction trials to 
the training stimuli with both doors locked. Any subject that failed to jump within 
60 sec. was removed from the apparatus, and extinction trials were discontinued for each 
subject after three failures to jump (not necessarily consecutive) within this time. At this 
stage only five trials a day were run. 
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Training RESULTS 

Group C learned to a criterion of all ro trials correct within a single day in a 
mean of 7-0 days; Group P required a mean of 12:5 days to reach the Bie criterion 
Rats trained with shape A positive reached this criterion in 11-8 days and those 
trained with shape B positive in 8-o days. An analysis of variance ‘showed both 
effects to be significant, the first at the o-oor level of confidence and the second at 
the o-or level; the interaction term was not significant. It is not known why subjects 
trained with stimulus B positive should have learned more rapidly than those trained 


with stimulus A positive. This effect did not show up at any of the subsequent 


stages of the experiment. 

Eleven subjects from Group P and two from Group C required some manual 
forcing. Of the animals that received guided trials, those from Group C were given 
three each and those from Group P received a mean of 5:1 guided trials. There 
Was no systematic relation between the number of trials needed to reach criterion 
and performance on transfer tests nor between whether or not a subject received 
guided trials and performance on transfer tests. 

Over the last 20 trials of training, Group C made no mistakes; nine subjects of 
Group P also made no mistakes, six made one mistake and one made five mistakes. 
Thus all animals except one had mastered the problem thoroughly by the end of 


training. 


Single-cue transfer tests 


Although both groups as 
subjects within each group per 
the best score on any cue made by in 
distributed over six of the seven cues; no animal sc 
two columns of Table II show the per cent. correct responses to cues selected according 
to individual subjects’ performance: opposite cue I appears the mean of the highest 
Scores made by each subject on any transfer test, cue 2 shows the mean of their 
second highest scores and cue 7 is the mean of each subject’s worst score on any 
transfer test. 4. 

Considering first performance tabulated by actual cue present, it will be seen 
that although Group P performed worse than Group C on the retraining trials, they 
Performed better on all transfer tests. All the group differences are significant at 
the 0-02 level of confidence or better, except for the difference in scores on horizontal- 
Vertical which was not significant. Moreover, by a Mann-Whitney U test, Group 1 
Was significantly above chance with a confidence level of 0-05 or better on every 
Single cue, whereas Group C was only significantly above chance only on the 
horizontal-vertical cue. There were no significant differences either on retraining 
trials or on transfer tests between the performance of subjects trained with stimulus 
A positive and those trained with stimulus B positive. Animals trained with shape 


A positive tended to do slightly better during retraining trials and with horizontal- 
Vertical and metal-rubber than those trained with shape B positive, but neither these 


nor any other differences between groups trained in different directions were 


Significant. i 
When the data are tabulated in terms of cues ranked according to individual 
subjects’ performance, Group P again scored significantly better on every single 
These results bear out the 


cue except that on which performance was best. Th 
Predictions from the theory with the exception that we might have expected that on 


a whole performed best on horizontal-vertical, different 
formed best with different cues. Thus, if we consider 


dividual animals of Group P these scores are 
ored best on the bell. The final 
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individual subjects' best cue Group P would do worse or at least no better than 
Group C since Group C should have switched-in the analyser for this cue very strongly 
as they are not learning about any other cue. In fact, Group P did slightly better 
than Group C on their best cue though the difference was not significant. This result 
might, however, be a statistical artefact: thus Group P averaged 66 per cent. on 
cues 2, 3, and 4, whereas Group C averaged only 54 per cent. on these cues. Since 
the best score for each subject on any cue is selected as cue r, chance high scores on 
any of four cues might contribute to the score on this cue for Group P whereas 
because of the big drop between performance on the best cue and on the second best 
cue such scores will make a much smaller contribution to the cue selected as best 
for Group C. 
TABLE IL 
EXPERIMENT II—SINGLE-CUE TRANSFER TESTS 


Cue Group P | Group C Cue | Group P* | Group C* 

Retraining trials .. v 94 99 | 

Horizontal-vertical F 71 67 Cuer | 76 70 
Metal-rubber Be ES 69 54 Cue2 | 67 59 
Narrow-broad T. ag 64 51 Cue 3 66 54 
White-black a d 59 48 Cue 4 64 51 
Circles w T sig 59 47 Cue 5 59 49 
Square-diamond .. Es 58 48 Cue 6 55 44 
Bell .. c - x^^ 57 47 Cue 7 | 49 39 


* These columns' scores are tabulated by taking the average of the highest scores on 
any single cue by each subject (cue 1), the average of the second highest scores (cue 2) etc. 


It is evident from Table II that individual subjects from Group P have learned 
something about six cues. The subjects of Group C have only learned one cue to a 
level which differs significantly from chance. Thus, although they scored 59 per cent. 
on their second best cue, this could well be due to chance since in fact they scored 
ir per cent. below chance on their worst cue: the below chance scores made by 
Group C on cues 6 and 7 are of course an artefact produced by the method ot 
tabulating the scores. 

The worse performance of Group C on the transfer tests was not due to their 
forming position habits more readily than Group P: indeed Group P actually showed 
more position habits than Group C when they were performing at chance or below. 
If we analyse by cues and by subjects, there were 27 occasions on which a subject 
of Group P scored at chance or below on a given cue, compared with 60 for Group C. 
On 67 per cent. of these occasions subjects of Group P showed a fixed position habit— 
ie. on all 20 trials with a given cue they selected the same side; the comparable 
figure for Group C was 39 per cent. Thus the better performance of Group P on 
transfer tests occurred despite the fact that their performance on the original shapes 
was worse than that of Group C, and despite the fact that they were more prone to 
form position habits. . 

A product moment correlation coefficient was calculated between individual 
subjects' scores on horizontal-vertical and metal-rubber (the two cues which were 
best learned overall). The value of y was --0:61 for Group P, and —o-r1 for Group C. 
Both coefficients are in the predicted direction and the first is significant at the 
o-02 level of confidence. The difference between the two values is also in the 
predicted direction and is significant at the 0-02 level, thus confirming the results of 
Experiment I. 
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One further effect should be noted: there was a tendency for scores on transfer 
tests to decrease over trials. Thus Group P scored 76 per cent. correct with 
horizontal-vertical over the first 1o trials and only 67 per cent. correct over the last 
IO trial. On the same cue Group C scored 73 and 62 per cent. over the same trial 
numbers, Group P showed some drop in scores between the first and last ro transfer 
tests on all but their worst two cues; the shifts on the remaining cues were smaller 
for Group C and were variable in direction but they were in any case performing at 
near chance on all of them from the outset of training. 


Double-cue transfer tests 

Only six trials were given on each of the double-cue pairs of transfer tests because 
at this stage of the experiment animals tended to develop very strong position habits. 
The results are shown in Table III. The first two columns of figures were arrived at 
by calculating the average performance for each group over each of the six tests 
(36 trials) on which a given cue appeared. None of the differences between the two 
groups approaches significance. Many subjects, particularly in Group P, had 
developed very strong position habits. Thus out of 219 occasions on which a subject 
of Group P ran at chance or below on a given transfer test, animals ran to the same 
side on all six trials 78 per cent. of the time; out of 170 occasions on which subjects 
of Group C performed at chance or below, they selected the same side 55 per cent. 
ofthe time. The slight and non-significant tendency for Group C to perform better 
on transfer tests than Group P can be accounted for entirely in terms of the greater 
frequency of responses to position by Group E 

As in the single-cue transfer tests, both groups performed very much better on 
horizontal-vertical and metal-rubber than on any other cue. Table III also shows 
performance on the remaining cues after all trials on which horizontal-vertical 
appeared have been discarded, and after discarding both trials with horizontal- 
Vertical present and with metal-rubber present. It will be seen that performance 
on the remaining cues is only slightly above chance. Group C did, however, perform 
better on all five of these cues than in their single cue transfer tests, and this is to 
be expected since although the results are analysed by single cues they are based 
on tests with two cues present. Group P, however, performed worse on each of the 
five cues when the results of tests involving horizontal-vertical and metal-rubber 


TABLE III 
EXPERIMENT II—DouBLE-CUE TRANSFER TESTS 
Trials without 
Trials without hovizontal-vertical 
All trials hovizontal—vertical and metal-rubber 
Cue Group P | Group C | Group P | Group C | Group P | Group C 
Retraining trials 96 98 
Horizontal-vertical | 75 25 " 
Metal-rubber A 71 73 a b ,» " 
Narrow-broad om 62 62 I a E 3 
White-black.. E 58 60 62 d 5 54 
Circle ¥ i 58 58 58 5 2 51 
Square-diamond ..| 6! 62 60 63 55 58 
Bel .. e "EE 57 66 67 51 51 


Figures indicate per cent. correct responses. 


e UL RUM m 
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have been removed from the analysis. This finding is difficult to interpret since if 
animals have learned about seven cues conjointly there can be no reason why they 
should perform worse on the cues presented two at a time than when presented one 
ata time. The explanation of the poor performance of Group P at this stage must 
in fact lie in the development of very strong position habits. 

Correlation coefficients were again calculated on individual scores on horizontal- 
vertical and on metal-rubber. The value of y was +-0-20 for Group P and —0:20 
for Group C. Both values are in the predicted direction, and the difference between 
the coefficients is also in the predicted direction but it is not significant. 


Extinction 

Some animals in each group were very slow to extinguish possibly because the 
bell was an aversive stimulus. Six subjects of Group P and four of Group C had 
failed to meet the criterion of extinction in 8o trials. If these are counted as having 
extinguished in 80 trials, then Group P averaged 67:3 trials to extinction, Group C 
44:4 trials: a Mann-Whitney U test showed the difference to be significant at better 
than the 0-05 level of confidence. i 

Median latencies were calculated for each subject for each of the first 3 days of 
extinction. The median of the medians in sec. was Day 1—P 1-2, C 1-0; Day 2— 
P 1-2, C 3:0; Day 3—P 2:7, C 12:9. The differences between groups were significant 
on days 2 and 3 (p < 0:02, and p < o:o1 by a Mann-Whitney U test). Thus there 
was an effect of PR on extinction both as measured by latencies and as measured by 
trials to meet a criterion of extinction. 


DISCUSSION 
Breadth of learning 

The hypothesis to be tested in Experiment II was that rats trained under PR 
should attach the correct response to more cues than rats trained under CR. The 
results of single-cue transfer tests provide striking confirmation of this. The better 
performance of Group P on the less conspicuous cues is particularly remarkable since 
they performed worse than Group C on the original training shapes and they were 
more prone to form position habits than Group C. 

There is a third factor which might be expected to militate against Group P 
performing better on transfer tests than Group C: Group C was effectively on the same 
reward schedule during retraining trials with the original shapes and during transfer 
tests, i.e. 100 per cent. reinforcement in transfer tests and almost 100 per cent. 
reinforcement on retraining trials. Group P, however, received slightly less than 
50 per cent. reinforcement on retraining trials and 100 per cent. reinforcement on 
iransfer tests. It might have been expected that the change of schedule would cause 
Group P to respond to the differences between transfer shapes and training shapes and 
therefore enable them to learn more readily that in transfer trials reward would be 
forthcoming no matter which way they jumped. This factor may have been res- 
ponsible for the fall in performance of Group P during the first series of transfer tests 
and their subsequent very poor performance on double-cue transfer tests. One final 
difference between the groups should be noted. At the beginning of transfer tests, 
Group C had received at least twice as many reinforced trials as Group P. It is 
unlikely that the difference in performance during transfer tests was due to this 

factor, since Sutherland and Holgate (1966) have shown that increasing the number 
of training trials with two cues present leads to better performance when the less 
conspicuous cue is presented in transfer tests on its own. 
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Although none of the factors so far discussed could have produced the greater 
breadth of learning shown by Group P, there is yet a further possible explanation of 
the result which is more difficult to eliminate on the present data. It could be 
argued that if during training Group P subjects jumped with longer latencies than 
the subjects of Group C, they would have had more opportunity to notice multiple 
differences between the stimuli to be discriminated. Unfortunately latency data 
were not recorded except during the extinction phase of the experiment, and although 
at the beginning of extinction there was no significant difference in latencies between 
the two groups, this does not prove that there was no such difference during training. 
Two considerations render this explanation implausible: (i) Group P received only 
about half as many rewarded trials as Group C so that the effects of any differences 
in latencies would to some extent be counterbalanced by the greater number of 
trials on which Group C had the opportunity to learn. (i) Group P developed 
stronger position habits in training and animals with position habits exhibit less 


VTE behaviour than animals without. Nevertheless a further experiment is 


necessary before this explanation can be completely eliminated. 


Additivity of cues 

The results for Group C present the following problem. It has been shown in 
Experment I and elsewhere (Sutherland and Holgate, 1966) that when subjects are 
trained with two cues present and then tested with one cue at a time, performance m 
retraining trials with two c n be predicted by the 


ues simultaneously present can b by 

following formula P = Prbo/(Prb2 + (1-53. (1-22) where P is the pon 
making a correct response with both cues present and fi and paare epe mae 
of making a correct response with each cue present on its own. his E 
(extended to cover the case of seven cues) and applied to the results of Group © on , 
Single-cue tests in Experiment I grossly underestimates the perona n 
retraining trials with all seven cues present. One possibility is that Group ha 
learned about compound cues: this could occur in two ways. They could pers 
the compound positive and negative values of several cues and hence qaem x i 
if the compounds were not present, Or they could learn the positive an i 
values of one cue but make the use of that cue dependent on the other "cd d jj 
present regardless of their value. Pure io e E ; E iem t 
taking the first three stimuli as examples. he merry ae d 
animal learned to go towards the combination of horizontal, A A E 
avoi nS bination vertical, rubber and black. The second possi y 
eem is d crt learned ii if ante black and white are present 
it should jump towards horizontal and avoid ver ical. . 

en Jay aig Group Cade mane 
cues comes from the double-cue trans er tests. Q 
present, their scores ee ths an exert that ded at Chance s 
rom the results with single cues atone. us 1 PA man 
belo "e least conspicuous cues presented singly, they scored above cha 
on fais. d sn pes a presented in combination the i. -— NA 
at atime. There is no evidence for whether or not oT P ed 
addition to components: the fall-off in their performance rom the e or aed 
series of transfer tests is due to their developing very eme posi E se eri 
it is not possible to know what their n the double-cues would have be 


performance © 
ift i veloped. : 
hese habits had not develop nnot know for certain that the dimensions of the 


It should be noted that we ca r t 
stimuli ekre Dr subjects are exactly those that have been specified here. For 
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instance we cannot know whether animals learned in terms of stripe width or in terms 
of the number of stripes present, nor can we know whether rubber-metal was learned 
as a tactile or as a visual cue. This uncertainty does not affect the interpretation 
of the results, since, if we obtain above chance scores on transfer tests, the animals 
must have learned a dimension which is represented in the stimuli used in the 
transfer tests. 

It seems reasonable to conclude that Group P had learned about more of the 
individual component cues than Group C, and to this extent the hypothesis under 
test is confirmed. It is unfortunate that the Group P results on double-cue shapes 
were vitiated by the development of position habits and the issue of how much is 
learned about compounds under different schedules of reinforcement can only be 
settled by further experiment. 

Two further predictions from the two process theory of discrimination learning 
were confirmed. Because of the difference in reinforcement schedules, Group P did 
not learn about one cue at the expense of others; hence, in both experiments the 
correlations between how much was learned by individual subjects of Group P about 
different cues tended to be positive. The reason why positive correlations are 
obtained is presumably due to individual differences in general learning ability, 
health, motivation, visual acuity and so on. Because the more strongly one 
analyser is switched in the less strongly are others switched in, Group C tended to 
&ive negative correlations between the amount learned about different cues. 
Although the correlations in Experiment II were low, the important point is that 
there was a significant difference in the right direction between the values of for 
the two groups. 

For reasons given in the Results section of Experiment I, subjects trained with 
PR should be more prone to switch in irrelevant analysers than those trained under 
CR. This was again confirmed. In Experiment II, subjects of Group P were more 
prone to form position habits both in training and during transfer tests than subjects 
of Group C. The fact that in Experiment I during extinction, Group P made more 
incorrect responses than Group C and gave a higher ratio of incorrect to correct 
responses also suggests that they had attached the response of jumping during 
training to more irrelevant features of the situation. 


Conclusions 

In both experiments a significant effect of PR on extinction was demonstrated. 
It is this effect that the hypothesis was originally designed to explain, and it is 
important to demonstrate that in the situations used the PR effect on extinction 
does occur since if it did not, we would not expect to find any of the other phenomena 
predicted by the hypothesis. Oo 

It should be noted that the validity of a two-process model of discrimination 
learning does not depend upon its success in predicting results of partial reinforcement 
experiments. The main evidence for a two-process model comes from experiments 
on reversal learning and on controlling which analyser is switched in by other forms 
of pre-training (Sutherland, 1964a, Mackintosh, 1965). However, by assuming that 
the rules governing the strengthening of analysers are different from those governing 
the strengthening of response attachments, it is possible to understand PRE in 
terms of a two-process model. Although the rule suggested here for strengthening 
analysers is not sufficiently precise, the present experiments and the experiment 
reported in Sutherland, Mackintosh and Wolfe (1965) demonstrate that it is possible 
to apply the theory including this rule to partial reinforcement and to make new 
and interesting predictions. 
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by the American Office of Naval Research (Contract N62558-3927) and the Nuffield 
Foundation and undertaken at Oxford University. 

The data analysis and writing up were undertaken whilst the author held a visiting 
appointment at M.LT. This side of the work was supported in part by the Joint 
Services Electronics Program (Contract DA36-039-AMCO3200 (E)) by the U.S. Army 
Research Office, Durham; and in part by the National Science Foundation (Grant 
GP-2495), the National Institutes of Health (Grant MH-04737-05), and the National 
Aeronautics and Space Administration (Grant NsG-496). 


REFERENCES 
EGGER, M. D., and MILLER, N. E. (1962). Secondary reinforcement in rats as a function 
of information value and reliability of the stimulus. J. exp. Pshcyol., 64, 97-104. 
MACKINTOSH, N. J. (1965). Selective attention in animal discrimination learning. 
Psychol. Bull., 64, 124-50. . — ‘ 
NorrERMAN J. M. (1951). A study of some relations among aperiodic reinforcement 
discrimination training and secondary reinforcement. J. exp. Psychol., 41, 161-9. 
SUTHERLAND, N. S. (10644). Visual discrimination in animals. Brit. med. Bull., 20, 


Tes e N. S. (19645). The learning of discrimination by animals. Endeavour, 
Sure e S., and HOLGATE, V. (1966). Two-cue discrimination learning in rats. 
"M OX eco 01 Non-additivity of cues. Nature, 201, 
Som eea N. S., MAcKINTosH, N. J., and WOLFE, J. B. (1965). Extinction as a 


function of the order of partial and consistent reinforcement. J. exp. Psychol. 
69, 56-9. ion in retardate discrimination 
ZEAMAN, zB. J. (1963). The role of attention In rerere j 1 
tein poem id ue Bay Handbook of Mental Deficiency, New York: 
MeGrawsEnll. Pp. 159-223; Manuscript received 31st January, 1966. 


QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY 


THE INFLUENCE OF ACOUSTIC AND SEMANTIC 
SIMILARITY ON LONG-TERM MEMORY 
FOR WORD SEQUENCES 


BY 
A. D. BADDELEY 
From the Medical Research Council, Applied Psychology Research Unit, Cambridge 


302 


It has been shown that short-term memory (STM) for word sequences is grossly 
impaired when acoustically similar words are used, but is relatively unaffected by 
semantic similarity. This study tests the hypothesis that long-term memory (LTM) 
will be similarly affected. In Experiment I subjects attempted to learn one of four lists 
of to words. The lists comprised either acoustically or semantically similar words (A and 
C) or control words of equal frequency (B and D). Lists were learned for four trials, 
after which subjects spent 20 min. on a task involving immediate memory for digits. 
They were then asked to recall the word list. The acoustically similar list was learned 
relatively slowly, but unlike the other three lists showed no forgetting. Experiment II 
showed that this latter paradox can be explained by assuming the learning score to depend 
on both LTM and STM, whereas the subsequent retest depends only on LTM. 
Experiment III repeats Experiment I but attempts to minimize the effects of STM during 
learning by interposing a task to prevent rehearsal between the presentation and testing 
of the word sequences. Unlike STM, LTM proved to be impaired by semantic similarity 
but not by acoustic similarity. It is concluded that STM and LTM employ different 


coding systems. 
INTRODUCTION 
There has, until recently, been a tendency for short-term memory (STM), 
involving the retention of material over a period of seconds, to be studied using 
different techniques and concepts from those used to study long-term memory 
(LTM). The growth of interest in STM has recently changed this and produced the 
suggestion that LTM and STM lie on a single continuum and can be explained most 
economically in terms of one theoretical framework, that of interference theory 
(Keppel and Underwood, 1962; Melton, 1963; Postman, 1964). T l 
Unfortunately, because of the difference in techniques traditionally used in the 
two areas, it is impossible to decide on the basis of the existing evidence just how 
similar LTM and STM really are. This decision can only be made when equivalent 
experiments are done in LTM and STM. . One such attempt was that of Keppel 
and Underwood (1962), who used the technique developed by Peterson and Peterson 
(1959), in which a single verbal item is presented once followed first by an interpolated 
task designed to prevent rehearsal, and then by a retention test. Keppel and 
Underwood showed a decline in performance with successive stimuli, closely 
nalogous to the phenomenon of pro-active inhibition (PI) in LTM (Underwood, 
i s Subsequent studies have confirmed that an effect occurs, but suggest that 
it differs from the classical PI effect in a number of important respects. Loess 
(964) confirmed that the first item of a series was best retained, but found no 
difference between the second and subsequent items, in direct contrast to the 
gradual build up of PI shown in LTM studies. A second prediction from LTM, 
that PI increases with length of interval between successive presentations was tested 
by Peterson and Gentile (1965), who found the opposite to be the case. Finally, a 
recent study by Conrad (1966) has shown that the nature of the intrusion errors 
shown in this situation is inconsistent with Keppel and Underwood's hypothesis 


namely that the forgetting shown is attributable to PI from previous items. 


rw 
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A further attempt to demonstrate classical LTM effects in STM was made by 
Baddeley and Dale (1966) in a study using paired-associate learning. Here a 
Classical retro-active inhibition paridigm was used; in this the experimental group 
first learns A-B, then A'-C and is then retested on A-B, and traditionally shows 
poorer retention than the control group which learns A-B, followed by D-C before 
being retested on A-B. In the Baddeley and Dale study, A and A’ were adjectives 
with similar meanings and B, C and D were dissimilar adjectives. The LTM 
experiment showed the classical RI effect, more forgetting when the interpolated 
list was similar to the first list. In the equivalent STM study however, no such 
effect occurred. Pairs of adjectives were no more likely to be forgotten when 
followed by a pair with a similar stimulus than when followed by an unrelated pair. 

All the experiments described have been concerned with the question of whether 
Classical LTM interference effects can be shown to occur in STM. The present study 
tries the opposite approach by taking a well-established phenomenon of STM and 
attempting to reproduce it in LTM. 

The phenomenon selected was that demonstrated by Conrad (1964), who showed 
that items which are hard to discriminate when heard in noise are also hard to 
recall even though presented visually. A subsequent study by Baddeley (1966) 
of STM for word sequences showed that this was not a general similarity effect for 
although acoustic similarity led to a massive decrement in performance (725 per 
cent.), similarity of meaning had only a slight effect (6-3 per cent). Experiment I 
takes the material used in this study and attempts to produce a similar effect in LTM. 


EXPERIMENT I 

Method 

Four lists of ro words were used based on the se ( 
List A comprised 1o acoustically similar words (man, cab, can, cad, cap, mad, max, e 
Cat, map) and List B was a control list comprising acoustically relatively dissimilar wora 
which were matched with List A for frequency of occurrence in the language using the 
Thorndike and Lorge (1944) norms (pit, few, cow, pen, sup, bar, x hog zig, noy 
List C comprised 10 semantically similar adjectives (great, large, big, huge, ped long, 
tall, fat, wide, high), and List D, adjectives of equal frequency ae oceane uH 
dissimilar meanings served as a control list (good, huge, hot, safe, thin, deep, strong, z 


s n the four se i 
é j quences using a 
A ie group of subjects a : X E 
lestie procedere Which a based as closely as possible on poer ee 4 
e et vec prre. a. above,* and subjects were 
te of one per 3 sec. j 
fet eie eias p teen p an answer booklet aa much of the v E X uu 
c dd propriate order. This procedure was dan iae 
pets anes bus sects spent 20 min. onan intervening task inv olv «à dac 
men ORN f eight digits. They were then retested by being asked to write 
PEE s DE ipie ie: he appropriate order. Subjects were 


o -word list as they could in t c l i ^ 
not warned in pcdes abont the subsequent retest. As in the STM studies described 


i ds which were visible throughout 

i of words were written on car 1 
Mein ud bep pee n response availability and makes the test ous of oa 
rather than | os learning. To prevent the use of position on the card as a cue, four cards 


i i t, and were frequently interchanged. . 
Hace ana PA real to hear the words accurately, the learning 


In order to ensure that subjects : i 3 t words were read out in 

P N ing test in which the ro relevan À 
as was pre by A cos any rei 5 sec. per word to copy them. Three sania 

Pet ort t "i ee discarded for failing to score perfectly on the listening test, 
ondition 


ts employed by Baddeley (1966). 


ttempted to learn each of 


; entation than that used in the STM study 

(Bead se bes slower e n at had shown that this is not a crucial difference. 
a ang d + iem Eins ic similarity on STM was greater than that of semantic 
< 3 Sec. rate the eflec s 


s f acoustic sim 
Similarity for 18 of the 20 subjects tested. 
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Jeaving 18, 17, 20 and 20 subjects in Conditions A, B, C and D respectively. The subjects 
were young servicemen and they were tested in groups of approximately 20. 


Results 

Performance was scored in terms of number of words reproduced in the appropriate 
position in the sequence and is shown in Figure I. Since scores were not normally 
distributed they were analysed using non-parametric tests. Comparisons between 
conditions were made using the Mann-Whitney Test, and the significance of 
forgetting was estimated by comparing Trial 4 with Recall Test scores using the 
Wilcoxon Test. Unless otherwise stated two-tailed tests were used. 
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Learning and retention of ro-word sequences as a function of acoustic similarity (I) 
and semantic similarity (II). 


Acoustic similarity. The similar list was harder than the control list on Trial x 
(p < 0°02). This difference was maintained throughout learning but was only 
marginally significant on Trial 4 (p < 0-05, one-tail). There was no difference 
between the two conditions in number of words retained. Significant forgetting 
occurred in the control list ( < 0-01) but not in the acoustically similar list. The 
difference between the two in amount of forgetting was significant (p < 0°05). 
Semantic similarity. There were no significant differences between similar and 
control lists during learning or on the recall test. Both conditions showed a similar 
amount of forgetting and in both cases this was statistically significant (p < 0-02). 
Serial position effects. There were no marked differences between the four 
conditions, all of which showed the typical bow-shaped curve (McGeoch and Irion, 
c m results show therefore that the acoustically similar list differs from the other 
three lists in showing lower performance on all the learning trials. Unlike the other 
lists it shows no forgetting, so that performance after retest does not differ among the 
This result is puzzling for two reasons. First because in failing to 
f semantic similarity on LTM, it conflicts with previous experiments 


r both serial learning (Underwood and a 


four groups. 
show an effect o 4 e 
thich have shown such an efect 1o 
n a paired associate learning (Underwood, 1951; Baddeley and Dale, 19 
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Peter Pn result presents the paradox of a high level of performance being 
à : i greater amount of forgetting than a low level, a result which is also 
in conflict with previous studies (Underwood, 19495, p. 527). 

One possible resolution of this paradox, however, is as follows: 

In interpreting Experiment I we have assumed that the learning score reflects 
the gradual increase in material committed to LTM. While LTM is almost certainly 
one determinant of the learning score, however, it is not necessarily the only one. 
Since this score is based on a test which immediately follows presentation of the list, 
it seems reasonable to suppose that it is also affected by material which is in STM. 
On the other hand, the retest 20 min. later seems likely to depend only on LTM. 
The difference between these two scores may thus be determined by the amount of 
material in STM, and the forgetting shown in Experiment I may simply reflect the 
loss of this material. The one condition which does not show this loss is the 
acoustically similar list. Since STM for this material is known to be very poor 
(Baddeley, 1966), it seems reasonable to suppose that subjects in this condition 
would rely on STM as little as possible, and would thus show less forgetting between 
Trial 4 and the retest. This explanation of the results was tested in Experiment II. 


EXPERIMENT IT 


Peterson and Peterson (1959) have shown that when a subject is prevented from 
rehearsing by an intervening task, there is a rapid decay of material in STM. 
Experiment II attempts to wipe out the influence of STM during the learning phase 
by interposing such a task between each presentation and test of the list. The 
hypothesis outlined above would predict that the semantically similar list would 
then behave like the acoustically similar list in showing a lower learning score, but 
no forgetting, while the acoustically similar list should be relatively unaffected by 


this attempt to wipe out the effects of STM. 


ExPERIMENT II 
Method 


The hypothesis was teste 
and the acoustically similar. 


d using two lists from Experiment I, the semantically similar 
Each list was learned by three groups g subjects pemg * 
of the following procedures. (X) Learning and testing were as in Experiment I. ( 
As in Erpentient. I except that a second task was interposed between each presentation 
of the list and each test. (Z) AS in Y, except that the second task was interposed between 
each test and the following presentation. This condition was intended as a control for 


an ea ice effects, without acting as a specific STM control. 
Y general distribution of Lae voee to fill the 20 min. separating the learning phase 


eriment I and the present study. It E i m 
Presentati f eight ran igi ate of one per sec. er eac 
Sequence the pul messi: g sec. to write down as many of the digits as he could 
recall in the Qux resented. In Condition Y and Z, each interposition comprised six 
Sight-digit sequences 3 Apart fro terial and procedure were identical with 
Sxperiment L 2 bject panel 
i ec s É i 

Divine af a satay ARE subjects ud discarded for failing the listening test, 
allt So ousti imilar list. 

is Tete groups given the ome Y and Z respectively, and groups of 17, 
Stoupa ofzo, 20 En i imilar conditions. 


26 
and 20 for the equivalent seman 


Results 


Fi The mean number of words T 
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FIGURE 2 
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Learning and retention of word sequences as a function of acoustic similarity (1), 
semantic similarity (II) and learning procedure. X = Standard procedure; Y — STM 
control between each presentation and test; Z — STM control between each test and the 


subsequent presentation. 


Acoustically similar list. The STM control had no significant effect on performance 
during either the learning or recall phases, and neither X nor Y showed a significant 
amount of forgetting between Trial 4 and the Recall Test. Group Z however showed 
a significantly higher level of performance on Trial 1 (p < 0-02), together with a 
significant amount of forgetting between Trial 4 and the Recall Test (p < 0'01). 
Apart from the Trial 1 score, however, none of the differences between the groups was 


statistically significant. 


Semantically similar list. The addition of an STM control reduced the learning 


score very considerably, the difference between X and Y was statistically highly 
significant on Trial 1 ($ < 0-001) and was still present on Trial 4 (5 < 0-02). _As in 
Experiment I the straightforward semantically similar condition showed oo near 

i Trial 4 and the Recall Test (p < 0:05). This was significantly 
heigl: e UN by the STM control condition (p < 0:05), the 


igi hown 
greater than the negligible loss shown. : dition Z did not diff 

i t being significantly different. Condition Z dic litter 
actual amount retained no : There was significant forgetting in this condition 


eque E ONU ui was significantly greater than in Condition Y 
(p mE 0:02). + M È 

e results that the conventional testing procedure 
dette Os a STM during the learning phase, and that this in 
turn may influence the subsequent recall score. This is particularly true using the 
present technique in which the subject can see his responses throughout the recall 
phase since this may help to transfer them from STM to LTM. u 
Performance in the Y Conditions suggests that it is possible to eliminate or at 
least minimize this STM effect, while the Z Conditions, where STM is if anything 
encouraged, show that the STM control has a specific effect which is not simply the 


result of distributed practice. 
Experiment II suggests then that conventional testing procedures cannot be 


expected to give a satisfactory answer to our original question of the relative 
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Importance of semantic and acoustic factors in LTM. Neither, however, does 
Experiment II itself since the appropriate control groups were not included. A third 
experiment was therefore performed using the STM control technique explored in 
Experiment II and the four lists from Experiment I. Finally, to eliminate any 
complication due to mishearing, visual presentation was used. 


EXPERIMENT III 
Method 
A separate group of subjects learned each of the four lists used in Experiment I. 
As in Condition Y of Experiment II, however, each presentation of the list was followed 
Immediately by a task involving STM for six sequences of eight digits. Words were 
Presented by slide projector, they were visible for 3 sec. and the slide changeover time was 


The intervening digit sequences were read out at a I sec. rate and 


approximately 2 sec. 
r They were then allowed 1 min. 


Subjects were allowed 8 sec. to write out each sequence. 


to write out the ro-word sequence. . 3 : A 
After four trials subjects performed a task involving 15 min. of self-paced digit 


copying. They then attempted to recall the word sequence. As in the previous experi- 
ments the relevant words were visible during learning, testing and the retest. 

Mixed groups of men and women from the A.P.R.U. subject panel were tested. The 
acoustically similar list (A) was learned by r5 subjects, its control list (B) by 20, the 
Semantically similar list (C) by 16 and its control (D) by 21 subjects. 


Results 
Performance on the four lists is shown in Figure 3. 
FIGURE 3 
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Been Test 4 ond Dios eh when performance on the acoustically similar list was 
not significantly different from the control list. i , F m 
Semantic similarity. Although there was little difference on Trial r, the 
Semantically similar list showed slower learning, so that by Trial 4 scores were 
“'8nificantly higher on List D than List C ($ < 0:005). Neither list showed any 


, Acoustic similarity. There w 
arly learning, though this was $ 
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forgetting and on the retest, performance on the semantically similar list was still 
reliably poorer than on the control list (5 < 0-005). 


DISCUSSION 


The results of Experiment III indicate that the learning of word sequences was 
impaired by semantic similarity, and that in all groups what was learned was retained 
for at least r5 min. Together with the results of the previous experiments this 
suggests that LTM may be based either on the meanings of the words in the message 
or else on the sound of the words. This latter strategy, however, seems to involve 
an intermediate stage at which the material is in STM. This influence of STM is 
indicated both by higher scores during learning than are found on retest using the 
standard procedure, and by the difficulty of learning the list of semantically similar 
words when the influence of STM is minimized in the modified procedure used in 
Experiment III. It seems then that whereas STM relies very largely on acoustic 
coding and is relatively unaffected by the semantic content of the message to be 
stored (Conrad, 1964; Baddeley, 1966), LTM uses semantic coding extensively 
(Underwood, 1951; Underwood and Goad, 1951; Baddeley and Dale, 1966), though 
not exclusively. The message may be learned on the basis of acoustic coding as in 
Experiment I, though in this case STM plays an important role, as is shown in 
Experiments II and III. This conclusion is supported by the results of Anderson 
(1965), who has performed a parallel series of experiments on the learning and 
retention of letter sequences. As in Experiment I she finds that an acoustically 
similar sequence shows poorer learning but better retention than a control sequence, 
and as in Experiment III this difference disappears when an STM control is used. 

Tt seems clear then that the extreme vulnerability of STM to the effects of 
acoustic similarity is not shared by LTM. On the other hand Experiment III 
agrees with Underwood (1951) and Underwood and Goad (1951) in suggesting that 
LTM is affected by semantic similarity in the learning stage, and with Underwood 
(1951) in finding no effect of semantic similarity on forgetting. 

The effect of the STM control in both this study and Anderson's emphasises the 
role that STM may play in LTM experiments. The probable interaction of STM and 
LTM has been discussed by Murdock (1963), though the intentional use of an STM 
control to isolate LTM effects does not appear to be common practice. 

The experiments described have shown that material which is difficult for STM 
is not necessarily difficult when used in an LTM study, for while in STM acoustic 
cues appear to be of crucial importance, in LTM semantic cues may be used instead. 
What constitutes the crucial difference between LTM and STM, whether time in 
store, number of repetitions or the coding system employed, however, remains to be 


seen. 
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PERCEPTION AND AFTER-EFFECTS OF A 
ROTATING FIELD 
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From an investigation of movement after-cffects induced by a rotating field, it seems 
that the information content of the inspection field is an important determinant of the 
subsequent movement after-effects (M.A.E.). This finding, considered in conjunction 
with phenomena evoked during perception of high information content and highly 
redundant fields, is discussed in connection with Anstis and Gregory's (1965) work on 
the role of retinal stimulation in the production of M.A.E.s. 


INTRODUCTION 

If the visual after-effects of perceived motion depend upon the retina/image 
rather than head/eye signalling system (Anstis and Gregory, 1965) it would seem 
reasonable to assume that the information content of the field would be an important 
determinant of the extent and duration of the after-effect. A second argument 
for supposing this to be the case stems from recent work by Barlow, Hill and Levick 
(1964) on the rabbit retina. These writers found that regular repetitive stimulation 
brought about a reduction in firing of certain movement sensitive receptor units. 
If similar units exist in the human retina, it is again reasonable to assume that 
movement after-effects (M.A.E.s) would be greater when prior stimulation by a 
moving field is randomly rather than regularly distributed in time. 

It was with these considerations in mind that we have been examining the 
hypothesis that a high information content field would evoke movement after-effects 
in excess of those generated by an otherwise equivalent field having high internal 


redundancy. 


Apparatus and method ; . 
The stimulus fields consisted of discs, 15:2 e in diameter, fr owy in the 
j ^g to-parallel plane. For the high in ormation conten e disc A"), the 
subject's fronto-par P ber of quasi randomly distributed black and white squares. 


displ isted of an equal num ‘ 
Pour uf Mie ando aoe in this field, would, by itself, subtend an angle of à at a 
distance of 1 metre from the subject. The other, highly redundant, display (disc “B”) 


consisted of a chequer board pattern of black and white squares in which each square 
subtended an angle of 6’ at 1 metre. The reason for using larger squares in disc B was 
to equate as nearly as possible the number of black white changes produced by the two 
discs in unit time at any given speed of rotation on any given area of the retina. 

At 1 metre distance both discs subtended an angle of 8° 42’. 

For the first experiment II subjects were required to fixate ei TET r 
“B” for a given period of time and then transfer their gaze toa ay Ps A or disc 
size and at the same distance from them. This grey disc, the after feld. eeb e. io 
the output end of a Selsyn link, so that the subject, by turning a k dae mounted on 
in either direction as far and as fast as he might wish Td d ‘a D could rotate it 
instructed to manipulate the grey field in such a way as 7 = , the subjects were 
after viewing the test field. The extent to which the Sabels ke it appear stationary 
registered on a dial visible only to the experimenter. j rotated the after field wae 
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EXPERIMENT I 
Procedure 
En For the first experiment half the subjects we 
| eed with disc "B." The remaining subjects wi 
or all subjects, rotation speed was fixed at 2 r.p.m. an 
and test fields at 2 metres. 
vas tested once for each of three inspection 


For this same experiment each subject v 
o sec., the order of treatments being varied 


b for each disc. These were 5, 10 and 2 
cross subjects. After inspecting one of the two test fields for the appropriate period 


subjects transferred their gaze to the test field and “demonstrated” the after-effect as 
erem above. The remaining experiments described in this paper were devoted 
a more detailed analysis of the M.A.E.s (movement after-effects) induced by disc “A. E" 

y varying such parameters as rotation speed and viewing distance of the inspection 


figure. 


re presented first with disc “A” and 
ere given the discs in the reverse order. 
d the distance of both the inspection 


Results 


Table I and Figure 1 show th 
for the two sorts of disc. As mig! 


e relationships between viewing time and after-effect 
ht be expected, the duration and extent of the 


TABLE I 
EXPERIMENT I 


Viewing distance: 2 m. 
Viewing time: Variable 


Velocity: 2 r.p.m. 
Random disc Patterned disc 
5 sec. | S 10 Set. | 20 sec. 5 sec. IO sec. 20 sec. 
Subject | Ang". | Dur. sec. |Ang. | Dur.sec.| Ang". Dur.sec.|| Ang^. | Dur. sec. Ang. |Dur.sec.| Ang®. |Dur.sec. 
Š [i y 8 2 o 
5 r 1I 17 o 18:5 9 5 E: 7 x 
3 2 i | 6 7 EH 13 o 8 1 6 4 6 
2 2 x | 2 8 43 22 o 35 4 7 16 29 
4 4 9 12 18 2 26 o o 5 16 48 19 
3 4 10 14 14 27 it ill X 5 14 10 14 10 
E o 5 14 6 8 5 9 6 7 6 5 5 
A o 9 18 17 11 18 1 55 6 8 1 E: 
S az 35 58 37 78 so | 7o 15 27 ai 35 28 
H o 2'5 | 1 6 44 11 | 2 4 | 9 8 24 P. 
Tí 7 A ài |3 10 o 4 o 75 9 i 
Ir 1 14 b 5 a 28 27 ra o | o o 19 2 
9 = ae 
X 3136 282 5o 673 $os | 1836 | 1418 


d by the viewing time. These data, 
t is in part a function of the 
f both duration and angular 
at of disc ^B." For both 
he 0:5 per cent. level of 


y determine 
hat the after-effec 


ction field. In respect 0 
“A” exceeded th 


as significant at t 


Movement after-effect is largel 
: euet, also support our hypothesis t 
p DR content of the inspe : 
Hs acement, the effect evoked by disc 
é asures the difference between the discs w 
Onfidence (t = 3-45 and 323 respectively). 
_ (To control against the possibility that the larger $ 
Might be contributing to the relative reduction of M. À nda 
an additional three subjects were run in which the size of squares in the high informa- 
lon content field exceeded those in the high redundancy field. The results suggest 
at far from decreasing the M-A-E- differential as between the random and patterned 
fields, this change in stimulus size evoked an even larger M.A.E. for the high 
formation content field. : ndis 
. A further study is being conducted to examine the exact relationship between 
Stimulus size and M.A.E. for the two sorts of field.) 


ize of the squares in disc wo» 
A.E. for the redundant field, 


I2 U A E r v 
3 QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY 


FIGURE 1 
Experiment 1 


Angular displacement 


Duration (sec.) 


' è 
Angular displacement in degrees and duration in seconds 


—À J 
20 5 E) 20, 
Inspection time in seconds 


A comparison between the M.A.E.s of high and low information content fields as a 
function of inspection time (11 subjects). 


EXPERIMENT 2 
g lasting M.A.E.s evoked by the high information content 
to how M.A.E.s would respond to changes in information 


e rotation speed. 


The very large and lon 
field raised the question as 
rate induced by altering th 

Exactly the same procedure was followed as i 
with viewing time held constant, subjects were required to inspect disc 


four different rotation speeds—I, 2, 4 and 6 r.p.m. 


The results are shown in Table II and Figure 2. . 
These data suggest a curvilinear relationship between stimulus velocity, and the 


M.A.E. related measures, of duration and angular displacement 
howed larger M.A.E.s when the disc was rotating at 


Nine of the 11 subjects S A 
2 to 4 r.p.m. than when it was travelling at higher or lower speeds. It is perhaps 
noteworthy that this optimum speed of around 18? per sec. is in close agreement with 
the optimum velocity for *movement masking" found by Grindley and Townsend 
(1965). According to evidence referred to by these authors, this velocity also 
approximates to that which produces maximal disturbance in the superior colliculus 


of the rabbit. 
illustrative of the strength of the M.A.E. induced by disc “A,” 


A post hoc finding, 
f the 11 subjects the duration of the M.A.E. significantly exceeded 


n Experiment 1, except that now 
“A” under 


was that for nine o 
that of the inspection period (£ = 3:00; $ < 0°02 two-tail). 


AFTER-EFFECTS OF A ROTATING FIELD 313 


TABLE II 
EXPERIMENT 2 (pisc "A") 
Viewing distance: 2 m. 
Viewing time: IO sec. 

Velocity: Variable 


LOO E oo 


I v.p-m. 2 y.p.m. 4 r.p.m. 6 r.p.m. 
Subject Amg^. |Dur.sec.| Ang’. Dur.sec.| Ang®. |Dur.sec.| Amg?. |Dur. sec. 
: 3 7 14 6 5 4 I2 3 
2 o 5 o o 4 6 15 9 
3 o o 12 28 22 33 II 2 
4 50 2I 99 25 Iro 215 59 25 
5 9 18:5 29 22:5 15 19 2 18 
6 41 235 51 28:5 72 2 51 27:5 
7 5 16 IO 22:5 9 23 9 16 
8 26 24 | 33 26 6 29 2 II 
9 6 9 | I II:5 5 13 10 12 
Io 22 16:5 14 20 II 17 2 12 
II 4 15 19 23 o o I 18 
x 15 ir | 256 194 | 235 17:0 178 159 
FIGURE 2 
Experiment 2 
Angular displacement 
uw 2% 
oO 
c 
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a 
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rota AEs induced by a high information content field 
tion speed (rr subjects). 


(disc "A") as a function of 
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EXPERIMENT 3 
Distance of inspection and test fields 
A problem raised by the results from the preceding experiment is the relationship 
between the M.A.E. and channel capacity of the retina. For this reason trials were 
run in which the M.A.E.s induced by a field at 2 metres, could be compared with 
those induced by the same field at 1 metre. In the latter case there are, of course, 
considerably more retinal units carrying the same amount of information as hitherto. 


FIGURE 3 
Experiment 3 


a 


Angular displacement? 


$ 


Duration (sec.) 


a 
B 


m 
S 
— 


a 
— 


[i 


“v 


M.A.E. angular displacement in degrees and duration in seconds 


5 10 20 5 10 20 
Viewing time in seconds 


M.A.E.s for a rotating high information content field as a function of inspection time 
and viewing distance (11 subjects). 


As these curves show, there is a small but insignificant increase in the MALE. 
when the inspection and test fields are at half the distance. The number of retinal 
receptors affected by each black/white change does not therefore appear to be a 
critical variable in production of the M.A.E. unless it be assumed that, increasing 
the total retinal area stimulated, exactly compensates for the reduction in information 
transmitted by each individual receptor. 


DISCUSSION 


Before discussing the implications of these results it is, perhaps, worth considering 
certain other phenomena associated with perception of these rotating fields. 


The high information content field (disc “A”) 


While in some respects a version of the old waterfall illusi ied i 
. i all illusion studied in con- 
siderable detail by Wohlgemuth (191r), the M.A.E. induced by this field far exceeds 
in severity, longevity and velocity any other visual after-effect known to the authors 


P. 
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e: = ot ee K appeirs to have two components—a viscid distortion or “creeping” 
e ^ “i ooked at, coupled with a clear-cut rotation of any form or object in 
v diea eld. After prolonged inspection of the rotating stimulus field the after- 
lect is sudden and violent, the stationary test appearing to “uncoil” at a very much 
higher velocity than that at which the inspection field had been moving. 
here E inspection of the rotating stimulus field, changes in the part of the display 
E. : $ appear to have little influence upon the subsequent after-effect, even though 
AD ame group of retinal receptors may be swept from left to right at one moment, 
ruby the reverse direction immediately afterwards. In other words, the after- 
wp appears to be as much dependent upon the average firing order over a period 
time of a large number of retinal receptors as upon the total number of receptors 
firing in the appropriate order at any one time. Whether fixation is stationary or 
moving the after-effect is always torsional and contrary in direction to that of the 


total stimulus field. 
face, upon which the after-images of small 


Those regions of a subsequent test sur 
nspection field are superimposed,* remain stationary despite 
vement of the surrounding test field. While this may seem 


here is not, in fact, any induced contrary 
ht be expected were the M.A.E. entirely 


stationary areas in the i 
unimpaired apparent mo 
to imply a retinal locus for the effect, t 
motion in the after image such as mig 
peripheral in origin. 

Following a fixation point at 
to disappear. This in itself is not necessa 
finding of no after-effect when the eye is fo 
stripes, for in the case of a rotating field there remains a consid 
Image displacement. 

As for the spiral after-effect (Wohlgemuth, 191 
an after-effect induced by a random distribution o 
preserved during a dark period interposed between 
The relationship, Experiment. 4, between dark perio 
Shown by the following curve. (See Fig. 4). 

It appears that after 10 sec. in the dark the subsequent M.A.E. from inspection 
of disc “A” for 10 sec. is hardly less than that occurring when the M.A.E. is tested 
immediately following fixation of the inducing field. In other words, the return to 
a status quo of the visual system appears to require some visual input. The 
impression received is that the visible static test surface "releases" the after-effect. 
This preservation of the M.A.E. potential during darkness suggests an explanation 
in terms of storage in some reverberatory system rather than one in terms of either 


field effects or neural adaptation. 
One final point about the M.A.E. induced by this high information content 
tly reduced, it is still experienced by most 


rotating field is that though very grea 
subjects when the inspection field is presented to one eye and the test field to the other. 


tached to the inducing field does not cause the M.A.E. 
rily incompatible with Anstis and Gregory’s 
lowing a moving display of vertical 
erable degree of retinal 


1; Spigel, 1962), the potential for 
f black and white squares, is 
the inspection and test fields. 
d and extent of the M.A.E. is 


Rotating fields with high internal redundancy (e.g. disc “B 
above mentioned experiment, we 


In addition to the field (disc “B”) used in the 
have experimented informally with several other patterned surfaces, e.g. small black 
grid of black lines on a white ground. All these 


dots on a white ground, and a fine x 
fields have two features in common with the disc “B” field (black and white squares). 
The first is that the M.A.E. they evoke is less than that induced by the high information 
* Small opaque coloured discs were hel a sheet of glass, through 
ges of these discs 


hans the inspection field could be viewe 
ere plainly visible on the subsequent test field. 


d magnetically upon 
d. The negative after-imaj 
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FIGURE 4 
Experiment 4 


T Angular displacement? Duration (sec.) 


Angular displacement in degrees and duration in seconds 


E 10 20 
Dark period between inspection and test fields in seconds 


The effect of a dark period interposed between inspection of a rotating high information 
content field and subsequent M.A.E.s (6 subjects). 


content field (disc ''A"). The second is that at some rotational speed between 2 
and 20 r.p.m. their surface structure appears to change in a characteristic way. 
The first change is that shimmering white bands begin to appear moving back and 
forth and up and down across the total field. This effect, which resembles the 
“moiré” and "streaming" phenomena described by MacKay (1961), is followed by 
the appearance of a large grey cross centred about the middle of the disc and rotating 
with it. An analysis of the latter phenomenon suggests that at a velocity well below 
the c.f.f. the stimulus field becomes structured along the lines of adjacent similar 
elements having parallel loci about the centre of the field. Thus in the black and 
white chequer board field the cross lies through the diagonals of those black Squares 
which together constitute a diameter of the disc. Similarly, for the field containing 
black dots on a white ground the cross appears along the two widest, continuously 
T ped the emergence of the cross is accompanied by a blurring and 
recession of the remainder of the rotating field. These phenomena, which have a 
physical basis in the sense that the retina integrates in time longer lasting impressions 
of continuous whiteness or blackness while suppressing those of shorter duration, 
serve to resolve a rotating field into a simpler figure/ ground relationship, 

In this latter respect they have their counterpart in the high information field. 
This too, though at much slower speeds, and for less obvious reasons, tends to resolve 
itself into a number of simpler forms upon an amorphous ground. For this type of 
field the patterning imposed by increased information rate consists at first of vague 
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swirling shapes whicl i 7 ion i 
en a ich at higher speeds show transformation into contoured ovals or 
While it is beyond the sco i i 
pe of this paper to assess the precise significance of th 
Prenomena for the M.A.E. described earlier, it can be said that—if the Peer da 
e pening evoked by the rotating field is indicative of the simplest possible 
aren ia — stripping of the visual information transmitted, these 
ena tend to confi h i i 'een i i 
— a confirm the relationship between information rate and M.A.E. 
Par other words, the higher the information rate the more complex the recoding 
is necessary for the preservation of structure and the more complex i 
the larger the M.A.E. dec 
Once integration has occurred the number of movement receptors required at 
any one moment to transmit rotatory movement of a cross must be very much less 
in number than those mediating perception of a complex and unblurred field of 
random elements. 7f M.A.E. displacement and duration are a function of the number 
of receptors differentially involved our results become explicable. 


SuMMARY AND CONCLUSIONS 


Gr In the course of investigating a hypothesis suggested by the work of Anstis and 
egory (1965), data were obtained which suggest:— 
(1) M.A.E.s evoked by a rotating field are positively related to:— 
(a) Information content of the field 
(b) Inspection time 
(c) Velocity up to a certain maximum rate beyond which they decline. 
(2) The potential for an M.A.E. can be preserved during an intervening dark period. 
(3) The duration of the M.A.E. tends to exceed that of the inspection time. 
4) When the angle subtended by the total field and that subtended by the individual 
kc of which it is composed are altered together, there is very little effect on the 
(5) The M.A.E. does not occur for what w 
field. 
(6) Following a fixation point w 


(7) Though diminished in extent the M.A.E. sh 


(8) A high information content field (randomly distributed black and white squares) 
forms. Regularly patterned fields resolve themselves 


resolves itself into oval or leaf-like : 
into cross-like forms along diameters of identical elements. The complexity of these 
tent of M.A.E. evoked. 


transformations appear related to ex 
In the main these results are consistent with the view that M.A.E.s depend upon 
movement signalled by the retina/image rather than head/eye signalling system. 
There are, however, at least three senses in which the movement of an image 
relative displacement of the 


across the retina may be described (a) in terms of a [ 
Whole image in which events at the boundary of the enclosing contour will be of 


Prime importance; (b) in terms of the number of on/off events induced within the 
area covered by the image as it moves across; and (c) in terms of the novelty or 
Unpredictability of each of these on/off events which together account for the total 


impression of movement. m ; d 
From our results it would seem that it I5 the last of these aspects of signalled 

Movement which determines the extent and duration of an M.A.E. 
of this effect might be that, as has been shown 


fo One entirely speculative explanation : ; iN 
T certain sub-human species, the human visual system includes movement sensitive 


ere stationary areas within the rotating 


hich moves with the field does not abolish the M.A.E. 
ows interocular transfer. 
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units which habituate to highly redundant repetitive stimulation. This explanation 
further assumes that withdrawal of input from a habituated system results in less 
after-effect, because at the moment of withdrawal the input from habituated and 
non-stimulated units would be more nearly equal than that from non-habituated and 
non-stimulated units. The possible validity of such an explanation and site of such 
habituation or adaptation as may be responsible for these phenomena are questions 
which must perforce wait upon further research, as must also the relationship, if 
any, between phenomena evoked during perception of a rotating field and those 
which occur as an after-effect of the same stimulation. 


. We are indebted to Mr. Andrew Szmidla for the high information content fields used 
in these experiments. 
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FURTHER EXPERIMENTS ON MOVEMENT MASKING 


BY 
G. C. GRINDLEY and VALERIE TOWNSEND 
From the Psychological Laboratory, C ambridge 


Volunta: : à i - Š 
olu ry attention to one of two static objects in the periphe: eld of o 

i: e y t E J perip: ral fiel me eye 
makes this object more liable to masking by a moving object in the corresponding area 


of = field of the other eye (Experiment 1). 
‘ositive after images (and probably negative after images) are subject to (binocular) 


movement masking (Experiment 2). 
Movement masking can occur in the field of either eye, but with the displays so far 


tried the inhibitory i i ject i i 
h y influence of a moving object is less in the field of the eye to which i 
is shown than in the field of the other eye (Experiment 3). qc 


INTRODUCTION 

In earlier experiments (Grindley and Townsend, 1965) it was found that a 
moving object in a part of the visual field of one eye could obliterate temporarily 
a static object in the same or neighbouring parts of the field ofthe othereye. There 
b: evidence that the frequency with which such masking occurs is affected by 
actors such as the velocity of the moving object and the part of the visual field 
Concerned. The frequency of the masking was much greater in the periphery than 
in the centre of the field. The present paper is an extension of the earlier one and 
it is intended to investigate :— 
(1i) The effect of directing 
(2) The question of whether binocular masking of the 
to after images. 
(3) Whether similar masking is observed when the stat 

are in the field of the same eye. 


voluntary attention to the static object. 
kind described also applies 


ic and moving objects 


EXPERIMENT I 


The effect of voluntary attention 

Voluntary attention to an object is usually reg } Y 
Perception of that object clearer; and in the case of an object In the periphery of the 
Visual field there is some experimental evidence for this view (Helmholtz, 1925; 


Grindley, 1931; Averbach and Sperling, 1960) It was therefore thought possible 
bject in the field of one eye might make the object 


vm attention directed to a static o 
ess liable to masking by @ moving object in the field of the other. 

One of the main difficulties in the design of an experiment to test this is that 
Movement masking is extremely sensitive to small eye movements (cf. Grindley and 
Townsend, 1965, p. 101). We therefore arranged the apparatus 50 that to the eye 
With the static field of view there was a fixation point with two objects, one on each 

the subject was asked to 


Side, An i ts of this eye when 
` small involuntary movements 0: y : 
attend ides object would therefore produce equal retinal movements of both 


Objects, 


arded as something which makes 


"A bbavatus 

The aj i i in Fig - it is a modification of that described in 
pparatus is shown 1n lan in Figure 1: 1 isa ) 

"d earlier paper. “The eet sat with his head against a head rest (HH) and his left 
Ye (L) viewed a fixation spot (F) on either side of which were two spots of light (St and 
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Sr). An opaque funnel F’F’ reduced the amount of stray light falling on the front of 
the display. The subject's left eye (L), which was illuminated by fluorescent lamps not 
shown in the diagram, could be watched through a telescope (C). The display to each 
eye is shown in Figure 2. 


FIGURE 1 


S F SR 


Left chamber Right chamber 


Plan of apparatus. 


With his right eye (R) the subject viewed, through a mirror (MM), the image of a 
screen (SS) which could be caused to slide upwards or downwards at a conico d ier 
There was an illuminated slit (S’S’ in Fig. 2) across this screen, and the Ads slit 
was otherwise dark, so that what the subject saw with hiz right eye was a ho 
moving upwards or downwards on an otherwise dark feld. , 3 " 

The xem pathway from either eye to the corresponding display ud E 20 in. 
The spots Sr and Sg each subtended o-75? visual angle and they were ae fron x sma 
fixation mark F. The width of the slit /s/ also subtended ET ee P ow AW eub angle, 
and this slit moved upwards or downwards at 11? per sec. ra Edi, befu subtended 
about 24? x 22°, so that the slit was visible for about eh ie MEC UR Es $i crossing the 
spots and 1 sec. afterwards). The luminance of ur u and Sn, of the fixation mark 
F, and of the moving slit S’S’ were all set at 10 ft. L. 


D 


Procedure 


Sixteen members of the Department were used for the experiment. At each trial 


the experimenter gave a warning signal of "ready" and the subject placed his head against 
the sede The experimenter told the subject to attend right" (or “left”) or did not medion 
attention. Thesubject was then told to fix" and he fixated on the small fixation point (F). 
‘At the same moment the experimenter started the motor and the slit appeared at the top 
(or bottom) of the window about 2 sec. later, crossing the spots about 1 sec. after this and 
passing from view 1 sec. later. After some practice trials each subject had ro trials with 
no instructions about attention. This was followed by 20 trials in ro of which the 


ZII CÓ A a E R.-chckt3:ooeLL.AUAM, 
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instructions were to “ i 

A 3 ttend right” and i 

E ein a g and in the other ro to “att a i 

eae ee ee rannom order. Each trial lasted 7 sec. (i.e. until ade Ee = 

Ae ia ifs e and the subject only fixated for that time M 

ise rial the subjects were asked which if ei isar 

oie t S k ich spot, if either, d 

pr ME URN m — went for the longest time. The first La 9 ie oe d 

E verbally, the remaining 11 drew them diagrammaticall gen 

dns nees and the experimenters found the drawing method much the 1 is : ts a 
in which there were detectable eye movements was ignored and Mee m 

a ex; 


FIGURE 2 
F Left display E Right display 
w 
— € y 
l | 
| | 
| l 
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St F SR ! um 2 
o e o l i l 
l | 
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Scale in visual angle 


t shown in solid lines was visible to the subject. 


Only the part of the sli 


Results 
e for movement masking. 


The conditions of the experiment were very favourabl 
Js one or both of the spots was reported to have 


= 89 per cent. of all the tria t I e 
r8 appeared during the 2 sec. when the slit was crossing the window. (In the 
I ir per cent. of trials the subject reported either that there was no 
appearance during this period, or that he was not certain what had happened; 


and these negative results were ignored). É 
The number of cases in which only one spot disappeared (under 
peared, the cases 


gp tructions) is shown in Table I. Similarly, when both spots disap 
n which either went first, or in which the disappearances were reported as simul- 
J, Table III is a combination of Tables I and II. 


t 
aneous are shown in Table I 


each of the three 


Inspection of these tables suggests:— 
dency for the l 


(a) that there was a strong ten : i 
right under all conditions of instruction. We did not explor 
for this bias. 


eft spot to disappear before the 
e the reasons 
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TABLE I TABLE II 
(Only one disappeared) (Both disappeared) 
Instructions Left Right Left fivst Simultaneous — | Right first 
No Attention .., 18 2 47 72 12 
Attention Left _ 25 3 59 42 5 
Attention Right 13 20 33 60 23 


DEMNM RAN ue ee 


TABLE III 


(Tables I and II combined) 
MMM 


| | 
Instructions |Left first or only, Simultaneous [Right firstoronly 
I! 
No Attention  .. 65 j 2 | I4 
Attention Left .. 84 | 42 | 8 
Attention Right 40 | 60 | 43 


ee 


ne spot makes it more liable to “movement 
masking,” i.e. more liable to be the only spot which disappears, or to be 
the one which disappears first. This, of course, is quite contrary to what 
we expected, but is confirmed by looking at the results in a different way, 
i.e. by considering the results of each individual subject. Of the 16 subjects, 
12 showed a majority of trials in which the spot attended to was the first 
(or only one) to disappear, three showed the opposite effect, and one showed 
no effect. The evidence seems convincing; and a brief comment will be 


made in the Discussion. 


(b) that voluntary attention to o 


EXPERIMENT 2 


The effect of movement masking on after images 

The previous experiments and those described in our earlier paper dealt with 
the masking of objects which were physically present. It was thought that it 
might be of interest to fnd whether similar effects occurred with after images. 
Certain difficulties were encountered in trying to find a satisfactory technique. 
If the eye is very strongly stimulated a fairly stable after image (positive or negative) 
can be produced and observed for as long as 20 min. (Brindley, 1962). But towards 
the end of its life such an after image becomes unstable, disappearing and reappearing 
at irregular intervals. We tried various durations and intensities of stimulation 
(including xenon lamp discharges) in an attempt to obtain a fairly clear and stable 
after image but not one that would persist so long as to make the experiment too 


laborious. 


Apparatus 


The apparatus was a mod: 
removed and the left chambe 


ification of that shown in Figure 1. The telescope 

r was completely darkened. The fixation er oe s 
before, but instead of the spots Sz and Sr there was a square window SW subtending an 
angle of 2° with its centre 8° visual angle above F. The displays to the two eyes are shown 
in Figure 3. The luminance of the square was about roo ft. L. and it was switched on 
for 7 sec. at each trial. It will be seen that with this apparatus it was possible to study 


only positive after images. 
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FIGURE 3 


Left display Right display 


gw ie » 
N 


TO ee ery 
[d P 10° 15* 20° 


Scale in visual angle 
was visible to the subject. 


In the right display only the arm (shown in solid lines) 


was a white arm ArAr was 


I 
n the field of the right eye a black disc on which there 
ius of the disc subtended an angle of 11? and the 


E it 
dU M for the screen SS. The rad 
Mp. the arm subtended 19. This disc could be made to rotate at 12 r.p.m. After 
Position oe of each subject’s heterophoria, the disc 
spot F at its centre as VIC 
Eam on seen by the left eye. 
the bla 7 front giving a luminance of 
aS keo ck disc and its surround. T 
dem n by the right eye appearec "° ati 
not ed by the left eye. The illumination 
otating. A recorder enabled the subjec 


appeared or disappeared. 


ight square which had 
when the arm was 
ments when after images 


Procedure 
spot F and the square was then illuminated 


or 'The subject was told to fixate the fixation 
ior 7sec. The subject continued fixating and pressed ch when a fairly clear after 
i i Nine subjects 


1m: 
dd appeared, releasing the switch when th: A 
ad 1o trials, and in half of these the experimenter started the disc rotating as soon 


as A s 
"dl subject registered the appearance of a clear after image. 
appeared to cross th In the other half of the trials 


Were pj e after image after 1°25 SeC. 1 
fhe. Biven alternately) the disc was stationary- Thus these trials acted as & check on 
stability of the after image when it was not interfered with b 


Results 


ise results for each of the nine subj 
oe sooner (on average) when 
ible a The average ti 
Wa E cts was 2-1 sec. from the instant of appe 
Sede movement, and 4:2 sec. when there was y 

n in the trial with movement the after image disappeare 


hat the positive after image 
the disc was ing than when it was 

ials for the nine 
he after image when there 
There were 4X Cases 
d sooner than 
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following trial without movement, and only four cases with the opposite result. 
These results are clearly significant. 

We attempted to do a somewhat similar experiment with negative after images, 
by altering the apparatus so that after the exposure of the square the subject's left 
eye now saw a white field. We did not find conditions under which the negative 
after image was sufficiently stable to allow satisfactory quantitative results. 
Nevertheless most subjects felt fairly sure that on those occasions when the after 
image was relatively stable, movement masking did occur. 


EXPERIMENT 3 
Monocular and binocular masking 
. MacKay (r960) has reported a similar phenomenon to what we have 
Binocular Movement Masking when the moving object is seen by the same cye 
the static object. A summary of his results is given in our earlier paper (p. 107). 
We therefore did an experiment to compare the monocular and binocular effects. 


called 
as 


FIGURE 4 


Left display Right display 
e ERR qu RR 
"d Si gf FS 
d Sw S x Ni 
/ Pd LJ ` / i N 
i F \ i. \ 
lA i A \ lag ! AR \ 
per oF 1 E l 
l \ I 
\ 7 \ / 
\ / N / 
S / x, P4 
d 
Se. p "Mu E d 
B ue ae "— 
Lon 
© 5° 10 19 20 


Scale in visual angle 


tin the monocular trials, and the arm Ag was 
are SW and the fixation point F were seen 
daries of the discs, were hardly visible 


The arm Ar was only seen by the subjec 
only seen in the binocular trials. The squ 
in all trials. The dotted circles, i.e. the boun 
against the black background. 


Apparatus A — i " 
Th ratus was slightl modified from t at used in Experiment 2 so as to produce 
the PEE Pe e i E Figure 4. The display to the right eye was unaltered, except that 
d so that the luminance of the arm (ArAp in Fig. 4) was 


the illumination was reduce Lec iS 3 
a half aluminized mirror was introduced in a 


roft. L. In the left chamber (Fig. 1) n d 
position symmetrical with that of the fully reflecting mirror MM, and a second disc 


(similar to that seen by the right eye) was also introduced. Through this half aluminized 
mirror the subject saw with his left eye the fixation spot F and square window SW, and 
veflected from it he saw the white arm ArAr. The luminances of the square window SW, 
the fixation spot F, and the arm AxAx were all adjusted to 1-0 ft. L. (i.e. to the same value 
as that of the arm ApAr). The motor driving the two discs worked at the same speed 
(12 r.p.m.), so that when the arms started from the position indicated in Figure 4 they 


would cross the middle of the square 1:25 sec. later. 
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Procedure 

ng the left disc was illuminated with the arm ALA, in 
in Fig. 4), and the fixation mark F was switched on. 
d 2 sec. later the square window SW was switched on 
earance of the square window was recorded 
revolution (i.e. 5 Sec.) the disc was stopped 


its m of monocular maski 
‘The IDE position (as shown 
and ih bject was told to fixate, an! 

he disc began to rotate. Any disapp! 


by the subi 
pod pi subject on the recorder. After one 
he trial ended. The right hand disc was not illuminated and the arm ArAgr was 


invisible A 3 R 

Here to the subject. In tests of binocular masking the procedure was exactly the 

à , except that in these tri : : S i y 

eee S that in these trials the right hand disc was used, and the arm ALA, was 

‘one here were 12 subjects, and after a few practice trials, each was given five trials under 

us it condition. Half the subjects were given the monocular trials first, and the other 
alf the binocular trials. 


Results 
e clear evidence of movement masking under both 


onditions; and the qualitative descriptions of the phenomenon were very similar to 
ent masking was reported 


those reported in our earlier paper. In the present experim 
m frequently under binocular conditions than under monocular conditions. 
n the binocular trials there were 50 out of a possible 60 disappearances, but in the 


monocular trials there were only 29 out of a possible 60. Of the 12 individual 
subjects nine showed more disappearance? under the binocular conditions, one showed 
the reverse, and two showed equal numbers of disappearances. The vast majority 
of the disappearances were reported as occurring Very shortly after the arm crossed 


the square window. 


The results showed quit 


DISCUSSION 


Í The results of Experiment I Were surprising | 
result of attention, i.e. that attention to an object made it 


masking, rather than more resistant to it. But it must be noted that tie 
only case in which attention has been reported to act in this direction. Thus 


Babington Smith (961a, b) reported an experiment in which prolonged attention to 
one of a number of static objects in the periphery of the visual field caused that one 
to disappear before the others. We have confirmed Babington Smith’s result in 
several further experiments, and we hope in a later paper to compare the conditions 
under which attention has positive and negative effects in peripheral vision. 

The result of Experiment 2 showing the occurrence of movement masking with 
Positive after images, and suggesting the same for negative after images, are hardly 
surprising on any theory of after images. It should, however, be pointed out that 


some of our subjects had seen movement masking with real objects, and were 
therefore likely to be ex effect with after images. Inspection of the 


results does not suggest that their previo as important. | 
In Experiment 3 the important vas that movement masking can occur 
both monocularly and binocularly. of monocular movement 


masking confirms MacKay's findings (but with a display very different from his). 
The results of keen suggest that with this display the tendency to binocular 
ards monocular mas 


in that they showed a "negative" 
more liable to movement 
oted that this is not the 


king, but the evidence, 


masking is much stronger than that tow he 
to other experimental conditions. 


of course, would not justify a generalization 
We sh i c ks to Professor Zangwill for encouragement, and 
sheila Me t0 SF cont a ersonal grant to One of us (V.T-) and for an 


E: the Medical Research Council for a P 
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TRANSFER OF TRAINING AFTER GUIDANCE OR PRACTICE 


BY 


A. W. MACRAE* and D. H. HOLDING 
From the University of Leeds 


P. pursuit tracking apparatus presenting target courses of three levels of complexity, 
dard lon was made for either normal practice or forced-response guidance; the guidance 
trate was gained by holding the control knob during automatic tracking. After five 
um ing trials on the most complex course, or on the simplest course, subjects were 
ransferred to the intermediate course. The effects of guidance on the intermediate 
Soure were also examined. 
eh beim practice on the simp i 
are most complex. Further, gui 
asa sfer than did practice on that course. 
scribed to the opportunity it provides for the 


le course produced more transfer than normal practice 
dance on the complex course gave significantly better 
The superiority of guidance is tentatively 
development of anticipation. 


INTRODUCTION 

ch learning is achieved by the external 
Studies of the advantages and dis- 

are gradually accumulating; most of the available 


e methods are those in whi 


Physical guidanc 
movements. 


manipulation of the learner's 


advantages of these methods 
evidence has been reviewed by Holding (1965). Work has mainly been confined to 


the effects of guidance on subsequent performance of the guided task, there having 


been little concern with the results of transfer to a different task. 
One of the early stu deals with the transfer of 


dies of guidance (Ludgate, 192 ) 
learning between easy and difficult stylus mazes. To administer guidance, the 
experimenter grasped the stylus just below the subject’s hand, dragging it manually 
along the correct path. The group guid 


ed in this way on a first maze transferred 
their training more readily to the secon 


d maze than subjects who had practised 

Normally on the first, an effect which increased according to the number of errors 
averted by the guidance procedure. i 

Maze-learning is a form of procedural task, in which the element of motor adjust- 

adjustive skills like 


ment is at a minimum. At the opposite pole are continuous i 
ance was investigated by Holding 
rmal practice on 


pursuit tracking, for which the transfer of brief guid: 
d was a subsidiary 


(1959). Guidance appeared to transfer somewhat better than no 
this kind of task, although the effect did not reach significance an! 
ine more closely 


Outcome of the experiment. The present study is designed to exami 
the transfer effects arising from guidance training in.a pursuit task. 


METHOD 


Subjects 
Tracking scores were obtained fron aduate and postgraduate, 


from various faculties. 


n 60 male students, undergr: 


Apparatus 
erator, display and control units, à servo 


The i i rse gen! T 
«o e es goce target ing devices, and ancillary power supply 


e d system, error processing 

its. » 
Target courses were provided by 2 motor and multiple gear box, which generate’ 
and mixed any combination of one to four sine waves. Resultant motions were 


* Now at University College of North Wales, Bangor. 
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transduced by a two-phase resolver for electrical transmission to the guidance and display 
units. 

The display consisted of a defocussed green spot (approx. 3 mm. diameter) moving 
over a maximum 9o degrees of an arc of radius 7 cm. on an oscilloscope tube. 'This was 
tracked by a perspex pointer of length equal to the target motion radius, illuminated at 
the tip by an amber neon. The pointer was operated by a serrated, 4 cm. control knob 
situated ro cm. below and 3 cm. to the right of the display centre, having a gear ratio of 
I:I with respect to the pointer. : 

Under conditions of normal practice the subject moved the control knob, but when 
guidance was to be given he grasped the knob lightly in such a way as to permit passive 
movement over the necessary range. Automatic tracking movements of the control 
were activated by a servo motor and torque amplifier linked to the target motion. The 
output of all servo systems represents a compromise between lag and damping; in this 
case values were chosen which minimized the error score as far as was compatible with 
the elimination of hunting. The resulting performance resembled that of a human subject 
in eliminating any rapid oscillation at the cost of some lag, the root mean square (RMS) 
error under automatic operation averaging 3 degrees, or half the value of the error shown 
by practised human subjects on the easiest course. 

Difference voltages between the display and control indicators were electronically 
squared and integrated to provide the basis of the RMS error score, square roots being 
derived by the experimenter from the scores accumulated by a dekatron counter. 


Design 

Three target courses were used, all at an RMS amplitude of 22 degrees (approx. 
2:7 cm.): 

Simple: a single sine wave at 0:7 cycles per sec. (cps.). 

Intermediate: summation of two sine waves at 0-4 cps. and 0:7 cps. 

Complex: summation of four sine waves at 0:3, 0-4, 0:7 and 1:0 cps. 

Figure r gives an indication of the appearance of the three courses over time. 


FIGURE 1 


WWW 


Examples of the three target courses. 


Subjects were allocated in order of appearance to six experimental groups, tk 

jec [ r 1 ,th ce 
of conditions being changed daily. All subjects performed five Api, inicie eder eset 
with r-min. rest pauses, on one of the forms of prior training shown below: p 


Group Prior training 
SP practice on simple course j 
SG guidance on simple course 
IP practice on intermediate course 
IG guidance on intermediate course 
CP practice on complex course 


CG guidance on complex course 
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us ed the prior training and a 3-min. break, subjects in all groups then performed five 
ials of normal practice on the intermediate course. Group IP thus formed a control 


Broup against whose performance the transfer scores of the other groups were compared. 

2 ee instructions which were given related the method of scoring to the aims of tracking, 

in emphasized that subjects would later be transferred to different target courses. 
nowledge of results, in the form of dekatron scores, was given aíter each scored trial. 


RESULTS 


The amount learned during normal practice tended to decrease with increasing 
course complexity. This effect is shown in Table I, which lists the error scores at the 
beginning and end of normal practice during the first half of the experiment. 


TABLE I 
PERFORMANCE DURING PRIOR PRACTICE 


R.M.S. error (degrees) 


— Percentage 
Course Trial 1 Trial 5 improvement 
| es 
Simple n 8:9 6-0 33 
Intermediate .. 15:1 12:0 21 
Complex a 173 154 II 


The transfer scores obtained during the second half of the experiment are presented 
Separately. Figure 2 shows the effects of prior guidance (IG) on the intermediate 


Course, while Figures 3 and 4 show the learning curves for groups transferred to IP 
from the simple and from the complex courses. The IP control curves are 


reproduced in each case, with the second half of practice shown as a separate curve. 


FIGURE 2 


Trials 


The results of prior guidance on the intermediate course. 
e 
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FIGURE 3 


15° 


Control (trials 1-5) 


Error 
(in degrees) 


«.. After practice 


"x, 
ME. cH 
T Control (trials 6-10) o bem 


After guidance "e 


Trials 


The transfer effects of prior practice or guidance on the simple course. 


FIGURE 4 


Error 
(in degrees) 


Trials 


The transfer effects of prior practice or guidance on the complex course. 


The first transfer trials 

Inspection of the graphs shows tha 
task is not rep 
more rapidly than 


t performance on the first trial of the transfer 
resentative of later performance, since the guided subjects impri 
do the prior practice groups; it has been noted in other types ? 
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pue. and Macrae, 1966) that the first trial of practice after guidance may 
"wer T depressed. However, since some interest conventionally attaches to the 
i im of a transfer task (Gagné, Foster and Crowley, 1948) an analysis of variance 
has P ormed to compare the first IP trial with the first trials of all transferred groups 
( ermediate practice. F is 3°52, for 5 and 54 d.f., indicating a significant 
ae oor) overall difference between groups. Application of Duncan's (1955) 
ei test does not separate the transfer groups, but distinguishes (5 < 0°05) all of 

se from group IP. It may therefore be inferred that significant initial transfer 


arose from all forms of pre-training. 


Final trials: guidance for the same course 
E Further analyses were based upon the final performance of all groups. To 
ie) the efficiency of guidance on the intermediate course as training.for that 
ime a comparison was made between the end points of Figure 2; ie. group IP 
al 5, group IG transfer trial 5, and group IP trial ro. This procedure involves 

otting separate degrees of freedom to the IP subjects at the end of the first and 
(s halves of training, at the expense of some contamination of the comparison. 

nalysis of variance shows F to be 3:58, for 2 and 27 d.f., so that the overall difference 
appears significant (P < 0°05). Duncan's range test separates IP/5 from IG/5 and 
IP/ro together, at the same level of significance. The implication is that five trials 
ie guidance followed by five trials of normal practice give the same amount of 
earning as ro trials of normal practice, the level reached being significantly better 


than performance after five trials of normal practice. 


Final trials: transfer of guidance and practice 
Although Figures 3 and 4 show separately the r 
and complex courses, it is convenient to combine the: 
Scores reached by the four transferred groups are as follows: 
SG SP CG GP 
RMSEmo .. 99 99° 100° Pec d 
An overall analysis is significant (p < 005; F is 3°17, 3 and 36 df). Duncan’s 
range test separates group CP from all the other three groups, which do not 
themselves differ significantly. It appears therefore that practice on the simple 
he complex course 


Course (SP) gives better (p< 0:08) final results than practice on t 
(CP), Further, pre-training on the complex course is better (5) 0*05) effected by 


8uidance (CG) than by normal practice (CP). With pre-training on the simple 
Course the results are slightly better after guidance (SG), but the difference is not 


Significant. 


esults of transfer from the simple 
m for analysis. The final error 


DISCUSSION 

The pattern which emerges from the results is one of substantial transfer by all 
8toups; initial transfer assessed by representing the difference between the first 
Control score and the first transfer score as à percentage of the total improvement 
Shown by the control group, ranges from 33 to 53 per cent. Following the first 
transfer trial all but one of the transferred groups make faster progress than the 
Control group, finishing wit tenth and final trial of normal 
Practice, and thus with 100 per ce The exception is the CP group, whose 
Members received pre-training in rmal practice on the complex task; 
the transfer scores of this group improve dly than those of the other groups, 
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their final error score remaining well above the performance of the control group and 
of the corresponding guided group. The complex practice subjects were in no way 
anomalous, so that the superior transfer value of the guided training therefore 
requires explanation. 

The possible reverse argument, that complex practice is in some way detrimental 
by comparison with the other treatments, appears improbable. It seems perverse 
to suggest that normal practice is an abnormal condition while, in any case, the argu- 
ment would merely rest upon the supposed incongruity of a transfer group whose 
scores fail to converge with those of others in the later stages of a second task. 
However, the degree of learning finally reached may often depend upon the form 
taken by initial training. In the transfer of tracking skill Gordon (1959), for 
instance, shows many transfer curves which do not converge over nine trials an 
Holding (1962) reports differences which persist throughout a week of transfer 
performance. The view is therefore adopted that practice on the simple task is à 
more appropriate preparation for performance on the transfer course than is practice 
on the complex task and that, for different reasons, complex guidance is more 
effective than complex practice. 

The salient contribution of guidance in this context lies in accustoming the 
subject to a low error rate while relieving the task of motor demands, so that his 
commitment becomes largely perceptual. For similar reasons it appears (Holding 
and Macrae, 1966) that the efficiency of guidance rises as the need for perceptual- 
motor translation increases the involvement of central processes. The guidance 
technique supplies some response information but acts to advantage in situations 
requiring a high proportion of task information, which must include both immediate 
and anticipated features of the perceptual display and information concerning the 
relationship between display and control characteristics. 

The acquisition of task information, at least on the complex course, must 
presumably have been facilitated by the guidance method to an extent precluded by 
the motor demands of normal practice. It is possible that response information 15 
also involved, in that complex guidance may bring home to the subject what level of 
activity is needed. However this explanation does not hold for prior guidance on 
the simple course, so that it seems more important to notice that the guidance 
procedure allows the subject to "filter out" the response information when necessary. 
He is thus free to turn his attention to the task information as necessary, 1n contrast 
to the subject practising normally M Kost of response is immediately followed 

i ing change in the perceptual display. ] 
by d Hmc ie dene task "easier" and, since a p on the 
simple course produced more transfer than normal practice on the complex version, 
i difficult over difficult-to-easy transfer. 


i ent superiority of easy-to- 
Pali oc 3 has hou, such effects depend upon the balance between 


Iding (1962 3 : 
Pd ipio Fox tasks include the essential components of the easier 
BE Macc ice on the easier tasks makes for 


osed to learning better when practice à 
mes habits which transfer well to more difficult versions. In the present 


i isi e simpler tasks seems likely to encourage anticipation O 

the reep Ner est a s level of accuracy on that course and the 

intaining i intermediate course. 

un ie ies p dete normal practice on the simpler task is quite 

sistentia, as shown in Table I. In contrast to this, and to the stable error €— 

of the automatic tracking device, human tracking of the complex course poe. 

an error level twice as high and showed only one-third of the Hio p puem s ses 
practising on the complex course had therefore little learning to transier, W 
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e made gains which evidently were not specific to that 
has emphasized, a great deal of the improvement in 
skilled performance depends upon obviating by forward prediction what would 
otherwise constitute a decision time delay; it seems probable that a tendency to 
anticipate will give subjects an advantage on transfer to a new course. 

Thus, although subjects receiving guidance on the simple or complex courses do 
not meet identical course characteristics on transfer to the intermediate task, it 
seems reasonable to assume that their performance is biassed towards perceptual 
anticipation and away from mere following of the target course. The kind of task 
information they have acquired is therefore favourable to transfer. Further, any 
tendency to anticipate would not be reflected in high performance immediately on 
transfer, but might well result in the observed steady improvement throughout the 


transfer trials. 


subjects on the simple cours 
course. As Poulton (1956) 


This experiment forms part of a project supported by the Science Research Council. 
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TIMES FOR TRANSITIONS BETWEEN HAND AND FOOT 
RESPONSES IN A SELF-PACED TASK 


BY 
PATRICK M. A. RABBITT 
From the Medical Rescarch Council, Applied Psychology Research Unit, Cambridge 


In a self-paced task subjects responded to each of four equally robable signals with 
a different one of their four limbs. Response times were mene an a mcm of the 
16 possible transitions between limbs. Repeated responses were shown to be faster 
than any other transitions, while responses following responses with an ipsilateral limb 
were relatively slow. The implications of these results for models for the “repetition 


effect” are discussed. 


INTRODUCTION 


A response is made faster when it is repeated than when it follows some other 
response. This has been described as the "response repetition effect" (Bertelson, 
1963, 1965). Under certain conditions of S-R mapping a response is also made 
more quickly if it follows another response made with the same hand than if it 
follows a response made with the contralateral hand (Rabbitt, 1965). These 
experiments show that a “repetition effect” may neither require the repetition of a 
particular stimulus nor the repetition of a particular response. This suggests that 
repetition effects may in some cases require the repetition of only part of a series 
of decisions which we must assume to be made in the C.N.S. in order to programme 
amotoract. In these terms it is logical to consider what characteristics of successive 
movements are critical in order for such facilitation to occur. The possibilities are 
limited by human anatomy; successive responses may be made with the same limb, 
with ipsilateral limbs of different kinds (right or left hand and foot), with contralateral 
limbs of the same kind (both hands or both legs) and with diagonally-opposite limbs 
(i.e. hand and foot on opposite sides). 

While Blyth (1962, 1963, 1964) did not directly examine transition effects, his 
findings provide the only relevant data known to the writer: 

If successive responses (R, and Ro) are made with different limbs to two stimuli 
S, and Sj) which follow each other at a very brief interval, Rọ takes longer than R,. 
The relative delay of Re has been taken as evidence for a “psychological refractory 
period” (Vince, 1948; Welford, A. T., 1952). Blyth (1962) examined variations in 
the delay of Ry ble cases in which R, and R, are made with 


between the 12 possi 
different limbs. He found that R, was faster when the two responses required 
successive movements W 


‘ith ipsilateral limbs, or with contralateral limbs of the same 

kind, than when they required successive movements with diagonally-opposite limbs. 
It cannot be argued from this result that transitions between limbs on the same 
side, or between limbs of the same kind, are always faster than transitions between 
different kinds of limbs on opposite sides of the body. In Blyth's experiment Se 
occurred either roo millisec. or 200 millisec. after S,, whereas his subjects took from 
350 to 450 millisec. to make Rj. His results therefore only cover the special pe 
where S, occurs before R, is completed. Moreover, some of Blyth's (1962) a 
experimental results are, at first sight, difficult to reconcile with the hypothesis i 

he found that when subjects responde 


fast ipsilateral transition. For example, 1 : 1 ^ 
each of two equi-probable signals in a positional display with one of two differe™ 
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ce response latencies for any limb were shorter when the alternative response was 
fea e a diagonally-opposite limb than when it was made with an ipsilateral 
d g lyth, 1903). Consistent with this latter result was his finding that, in a 
: c oice/four-limb response task with a positional display, errors are more 
ommonly confusions between ipsilateral limbs than confusions between contralateral 


or diagonally-opposite limbs. 

; Bly this extremely thorough study therefore offers the different suggestions that 
Transitions between ipsilateral limbs are made relatively quickly in some situations 
while selection between ipsilateral limbs is relatively slow and jnaccurate in others. 
An experiment was made to directly examine transition effects in a self-paced task 
in which subjects responded to each of four equi-probable signals with a different 


one of their four limbs. 
METHOD 
5 Procedure. Each subject sat at à desk on which an In-line numeral display unit faced 
him. Using a Creed tape-reader, any one of the digits, 1, 2, 3 OT 4 could be programmed 
E: appear I in. high in illuminated outline against the rSin x r3in. background of 
e display. Subjects responded to each of these digits by pressing down a different one 
d four switches. The display changed to a new signal within 100 millisec. of the switch 
eing again opened. A brief blink of the display indicated a change when the same digit 
was repeated. 

Of the 16 different mappings of switches on digits 12 Were allocated at random, one 
to each of the subjects used in the experiment. Two hand-switches were telegraph keys, 
adjusted so that all subjects could comfortably grasp them while leaning their fore-arms 
on the desk. Two micro-switches were mounted under spring-loaded foot-pedals on an 
adjustable frame beneath the desk. All subjects could comfortably rest their feet on the 
pedals, and only a slight additional pressure was necessary for them to close either switch. 
Adjustments for each subject ensured that his palance was not disturbed by the movement 


Subjects wore their shoes. 
ed—five runs on each of three 


different programme tapes. Within each run digits appeared in random order, with the 
constraint that each of the 16 possible transitions between digits occurred six times. 
A version of SETAR (Welford, N., 1952) recorded on punched tape each stimulus 
presented, the response the subject made and the elapsed time (within 0-01 sec.) since 


the termination of his last response (i.e. reaction time + & constant of 100 millisec. 


required for the display change). 
The apparatus gave the subject no immediate error- 
Provided him with a cumulative score after each run. 
response-time for each run, obtained with a stopwatch. 
was urged and commended. 


Each subject was tested once, for so min. Testing too 1 
and vibration-proof cubical. The experimenter first explained the task, and ran a practice 


trial of 20 stimuli and responses. Subjects were then run through the three programme 
tapes. There was a 5-19 min. pause after each tape. Two of the 12 subjects received 


the three tapes in each of the six possible orders. 
drawn from the A.P.R.U. panel of 


. Subjects. These were 12 men aged 21 0/35 JENS 
Paid civilian volunteers. All had normal vision and motor control. 


indication, but an error-counter 
He was however, given a mean 
Fast and accurate performance 


k place in a dimly lit, sound 


RESULTS 
A print-out of SETAR output was analysed by eye to count the number and kinds 
of errors committed, and to calculate mean reaction-times for each of the 16 possible 


transitions between limb-movements. 
f the small numbers 


Errors. 48 per cent. of all responses were wrong. Because 0 
e of the 12 possible erroneous substitutions were 


involved comparisons of the incidenc 

Not statistically significant. Errors were therefore separated into three classes 
depending on whether they represented substitutions by ipsilateral, contralateral or 
diagonally-opposite limbs. These data are shown in Table I. 
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TABLE I 
BREAKDOWN oF ERRORS INTO CLASSES OF SUBSTITUTIONS BETWEEN LIMBS 


Se 


Substitution by ipsilateral limb 

ituti y ips a fa - 55:0 per cent. 
Substitution by contralateral limb is E dcr Der cent. 
Substitution by diagonally opposite limb T 19:8 per cent. 
Total number of errors... F P m 838 


__ ee aaaaaaaaaaaasasasasasasasasasasasasasasasasasssssmsmsnsiIi 


Response times. Mean response times for each of the 16 possible correct transitions 
between limbs are set out in Table II. Analysis of variance gave significant terms 
for differences between subjects (p < 0-or) and between transition-classes (p < 0:001). 
The error-term from this analysis was used to calculate S? (Studentized range statistic, 
cf. Winer, 1962, p. 77). 

TABLE II 
RESPONSE TIMES (iN MILLISEC.) FOR 16 POSSIBLE TRANSITIONS BETWEEN LIMBS IN ^ 
Foun-Cuoicr/Foun-LixB SELF-PACED Task 


eee 


Preceding response made with 
Right hand Left hand Right foot Left foot 
Responding limb 
Right hand T 568 642 732 687 
(a = 65:0) (c — 87:8) (c = 94:0) (c = 76-9) 
Left hand - 648 560 675 683 
(c — 52:6) (c — 51:4) (c — 59:0) (c = 63:9) 
Right foot v 735 795 600 711 
(o = 63:9) (c = 482 (c = 56:1) (o = 61:5) 
Left foot we 769 792 732 604 
(c = 48-4) (c = 704) (c = 90:1) (c = 501) 
—— ——À———————MÀ RÀ 


Four transition-classes may be considered for each limb: repeats, contralateral, 
ipsilateral and diagonal. S* was used to calculate the significance of differences 
between the total for these categories: 

Right hand. Repeated responses were significantly faster than contralateral 
transitions (p < 0:05), than diagonal transitions (p — oor) or than ipsilateral 
transitions (P < 0-01). Contralateral transitions were faster than ipsilateral 
transitions (p < 0-01). No other differences were significant. 

Left hand, left foot, right foot. These limbs showed patterns of results similar to 
each other. That is, repeats were faster than any other transition-class (p ) 0-01)- 
but no other differences were significant. To determine whether any trends were 
significant the data for all 16 possible transitions were collapsed over these i 
transition-classes. Means for these classes are given in Table III. By re-caloulate 
S2 only the following differences were significant: repeats are faster than all a 
responses (p < 0-01); contralateral transitions are faster than ipsilateral transitio 


; diagonal transitions are faster than ipsilateral transitions (5 < 0-05). 
1 to allow 


p < oor) tio 
The data for 16 transition classes can be collapsed in a similar way al 
arbitrary combinations of four sets. Near 7 of 

rm 


comparisons between all possible 1 | : 
of these possible segmentations of the data are obviously meaningless in te 


the logic of the experiment, but certain further comparisons were necessary. 
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TABLE III 


OVERALL MEAN RESPONSE TIMES (IN MILLISEC.) FOR 

Four CLASSES or TRANSITIONS BETWEEN LIMB 

MOVEMENTS IN A SELF-PACED CHOICE-RESPONSE 
TASK 

—_—_—_— aaaaaaaaaaaaaaaamaaamamammmsmsmlnl 


Transition category x o 
Repeats .. - 583 49:6 
Contralateral ass 683 83:9 
Diagonal .. a 709 69:7 
Ipsilateral = 744 614 


O 


(x) In order to test whether movements with any one particular limb relatively 

facilitated or inhibited all subsequent responses, the 16 transition-classes were 
collapsed so as to separate out four classes of responses with each of the four limbs. 
No significant differences were observed, indicating that transition effects are here 
Specific to relationships between limbs rather than specific to limbs. 
(2) The data were similarly collapsed to compare responses made with each of 
the four limbs (means for these classes are right hand, 657 millisec.; left hand, 
641 millisec.; right foot, 670 millisec.; left foot, 725 millisec.). Response times for 
the hands are not significantly different (p > 0°05) but response times for either hand 
are faster than for either foot (P < 0°05). Response times for the right foot are 
faster than for the left foot (5 < 0°01). The 16 possible transitions were collapsed 
into two classes, and three of the possible resulting breakdowns were selected for 
comparison by recalculated S?. 

(1) The class of responses involving success 
same side of the body was not significantly 
involving successive movements with limbs o 

(2) There was no difference between responses following responses made with 
hands and responses following responses made with the feet. 


(3) Responses following responses made with a limb of the same type (repeats + 
contralateral transitions) were faster (p < 0°01) than responses following 
responses made with a limb of a different type (i.e. ipsilateral + diagonal 
transitions). (This difference can be mainly attributed to the fact that 
repeated responses are much faster than any others.) 

Effects of practice. To determine whether differences in response-times between 
transition classes were affected by practice, mean response-times for repeats, 
Contralateral transitions, diagonal transitions and ipsilateral transitions were 
Calculated separately for each of the three successive tapes of five runs (i.e. of 485 
Tesponses). An analysis of variance on these data gave significant terms for 

ifferences between transition-classes (p < ovor) and for improvement with practice 
(p < oor). There was no signi between transitions and practice, 


ficant interaction siti d e 
So that the present data allow no comment on the role of practice in relation to this 
Silect, 


ive movements with limbs on the 
different from the class of responses 
n opposite sides of the body. 


DISCUSSION 


Response-time varies with anatomical relationships between limbs with which 
Successive movements are made. There is no suggestion that movements with any 
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one limb, with limbs of either type (i.e. hand or foot), or with limbs on either side 
relatively facilitate or inhibit all subsequent responses. The effects observed may 
be summarized as follows: 


(x) Repeated responses are faster than any other class of transitions. 
(2) Contralateral transitions are faster than ipsilateral transitions. 


(3) Diagonal transitions may be faster than ipsilateral transitions (this difference 
barely attains statistical significance at p < 0-05). 

The first of these points simply confirms the existence of a "response repetition 
effect" in a new context. 

The rank-order of RT's in other transitions-classes (points 2 and 3) parallels 
Blyth's finding in some of his experiments that subjects select more quickly between 
contralateral limbs or between diagonally-opposite limbs than between ipsilateral 
limbs (Blyth 1962, 1963). In the present experiment, as in all of Blyth's, confusions/ 
substititions between ipsilateral limbs were more frequent than between contralatera' 
or diagonally opposite limbs. On the other hand, the present results contrast with 
Blyth's finding that the "psychological refractory" delay is longer for diagonal 
transitions than for ipsilateral transitions. 

Blyth found that the largest class of errors were confusions between ipsilateral 
limbs (40-90 per cent. depending on the type of display used). In the present 
experiment 55 per cent. of errors were also of this type. Blyth showed by experiment 
that confusion errors occurring because of simultaneous response by two limbs were 
most frequent with ipsilateral responses. It is reasonable to suppose that subjects 
became aware of this tendency, and might try to reduce errors by inhibiting an 
ipsilateral limb-movement when making any response. This would increase the time 
taken to choose between ipsilateral limbs or to make ipsilateral transitions. In 
contrast, when subjects know in advance that successive movements are to be made 
with ipsilateral limbs it would be advantageous not to suppress this tendency. 
However, this strategy would have the liability that subjects would tend to make 
R, and R, simultaneously, or even to reverse the order of responses. Blyth's 
analysis of errors in his refractoriness experiment (Blyth, 1962, p. 180-181) does 
indeed suggest that reversals are more common when R, and R, are made with 
ipsilateral limbs. This trend is particularly marked where R, should have been 
made with a foot— so that it is possible to argue that a fast response with an 
d has been made before the slower foot-response could “catch up.” 
hypothesis might account for Blyth’s finding that ipsilateral transitions 
are faster than diagonally-opposite transitions, but it does not explain why he found 
that contralateral transitions were also relatively fast. The assumption that a 
response with any limb is accompanied by tendencies to make simultaneous responses 
with both an ipsilateral and a contralateral limb is not supported by the data (though 
weak trends in Blyth’s error-analysis are consistent with this hypothesis). Among 
possible explanations we may suggest: 

(1) That relatively fast contralateral transitions are due to the particular displ:y* 

control relationship used in the refractoriness experiment (cf. Blyth, 1962): 

(2) The differences observed may occur because, in everyday life, transition 

between contralateral limbs are more practised than transitions betwee! 


ipsilateral han 
This simple 


diagonally-opposite limbs. y 

Since S-R mappings were systematically varied between subjects it j 

probable that transition effects in the present experiment relate to diii 
the programming of sequences of movements rather than to the peculiarities o 


C— 


y 


RT FOR TRANSITIONS BETWEEN LIMBS 339 


particular S-R relationship. Moreover, the relatively slow transitions between 
ipsilateral limbs reflect a trend (i.e. slow ipsilateral choices) observed by Blyth in 
two different S-R mappings. Whether or not a hypothesis can be found to adequately 
describe the interactions of all possible variables, the present data confirm that some 
transition-effects relate to differences in the ease with which various sequences 


of movements may be programmed. 


The writer is most grateful to Dr. J. A. Leonard for many discussions, and for the use 
of his apparatus. 
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SPECIAL ARTICLE 
THINGS, WORDS AND THE BRAIN" 


BY 


R. C. OLDFIELD 
From the Institute of Experimental Psychology, University of Oxford 


Our first duty, and special pleasure, this afternoon—and in this if in nothing else 
the lecturer and his audience will be at one—must be to offer our respects an 
congratulations to Sir Frederic Bartlett on being on the eve of completing the first 
80 years of his life, and to express our admiration of the use to which he has put 
them. He was born seven years after the University of Cambridge had turned down 
a proposal to establish what might have been the first psychological laboratory in 
Europe. He started work soon afterwards I take it—for, like charity, psychology 
surely begins at home. Today, not only this Cambridge Psychological Laboratory 
but also those in the great majority of British universities, are bursting at the seams 
and turning students and researchers away from their doors. Sir Frederic cannot, 
of course, be held solely responsible for all this—progress; for some of it, perhaps, he 
might scarcely wish to be. But by the sustained quality of his own work, by his 
brilliant leadership at Cambridge and by the weight of his influence in the world 
outside—and especially in those quarters which may or may not choose to nourish 
fledgling disciplines—he stands alone among those who have contributed to the 
growth of our subject in this country. 

For some of us here today—and some others who are not—no formal appreciation, 
however sincere and complete, could suffice. Things we would like to express are 
too personal to be appropriate on this occasion. But Sir Frederic will know that 
though unsaid, they are not unfelt. . 

One could wish—and not only because it would make the subject of my discourse 
more fitting—that Sir Frederic had more explicitly concerned himself with the 
psychology of language. Certainly I remember how much I got out of his penetrating 
hen long ago Gustav Stern's book Meaning and Change of M eaning was 
the subject of one of those early discussion classes—which otherwise provided 
undergraduates with opportunities for statistical research into the time-course of 
Bartlett’s efforts to keep his pipe alight! Nor can we forget the part he played— 
gratefully acknowledged by Sir Henry Head—in the writing of Aphasia and Kindred 
Disorders of Speech, a book which was the early inspiration of more than one of us 
and which, for all the faults inseparable from pioneering, has still not had its day. 
At all events, I am going to talk about language—if only in a pretty restricte 
connection. We shall touch on aphasia, but I am afraid we cannot hope to get 25 


far back as the meaning of meaning. 


remarks W. 


FINDING WORDS FOR SPEECH 
When we speak or write we generate a sequence of words. In the present context 
we can take words for granted, but by no means all possible strings of them convey 
meaning. There are ways, however, in which the characteristics of permiss}” 
strings can to some degree be formally defined. And there are others by whi 


> i 3 ó. 
* The first Sir Frederic Bartlett Lecture, delivered in Cambridge on 12th July, 196 
Sir Frederic’s eightieth pirthday was on 20th October, 1966. 
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strings can be artificially generated on a stochastic basis so as to approximate, to a 
greater or less extent, and along a quantitative dimension, to meaningful passages. 
Iam going to put myself at what many people may consider a fatal disadvantage this 
afternoon by neglecting these sequential relations between words in language as she 
is spoke. I do this so as to focus attention more closely on the problem of where 
each word comes from. Every speaker has at his disposal a vocabulary—a stock 
of words—from which he is able to produce items appropriate to the moment. As 
to the size of this stock, there have been various estimates. One I made some years 
back by a random sampling technique (Oldfield, 1963) suggested that, so far as 
lexical units are concerned, and disregarding mere compounds, the average, reasonably 
young, university-educated, kind of person knows the meaning of about 75,000 + 
3,500 words. The number ranged among individuals from some 55,000 to some 
90,000. When he speaks, such a person will emit words in a way which at least from 
a purely linguistic point of view is tolerably meaningful at a rate of about two a sec. 
If we have no presuppositions as to how this is accomplished—and as scientists we 
ought not to have—it is a somewhat remarkable performance calling for investigation. 
For on the face of it, in a time which is on the average less than half a second, we are 
able to choose the appropriate item from among 75,000. Two of the first questions 
that suggest themselves are: “How is this ‘stock’ or ‘store’ organized, arranged and 
indexed?” and “By what means do we gain access to items init?" These questions 
are clearly related. Organization implies relations—grouping and labelling of items. 
An access-system involves rules of procedure which operate in terms of the 
organization. In the absence of any organization the only rule is to examine each 
item in turn. With 75,000 words, and allowing 3 sec. for each, this lecture—if I 
had not written it down beforehand—would come to an end somewhere about 
September, 1970, and I fear we could hardly wait to hear the end of it! 

Looking around for some plausible form of economy in the storage and retrieval 
System, one thinks naturally of an ideal form which allows binary, dichotomous, 
Search or some approximation to it. The items would each be labelled by a com- 
bination of characteristics in such a way that the presence or absence of one of them 
would enable half the items to be rejected by one decision, half the remainder by 
a Second and so forth. On this basis we could sort N—2^ items by n decisions— 
or conversely, we should need log, N decisions to sort N items. If N were 75 x rot 
the number of decisions needed, or bits of information to be processed would be about 
16. Allowing 4 sec. and as before for each item this would mean arate of 32 bits per 
sec,—well within the limits experimentally estimated for various human skills 


including symbolic and linguistic ones. ; È 
But in such a system all items would be at the same distance—in terms of 
decision-steps—from the starting point, and all access-times would be equal. In 
practice this would be a disadvantage, because some words are needed more often 
than others. It might be better to arrange shorter access-times for these, even at 


the expense of longer ones for the rarer words. A good storage system might be one 
in which the mean access-time was minimized. . 
These are very general considerations, but they do suggest—so far as experiment 
is concerned—that two quantitative aspects of word-finding would repay attention, 
namely the times taken to find words and the commonness or rarity of the words in 
question. The latter conception is obviously the more difficult. But for present 
Purposes we shall take as the measure of the commonness of a word the frequency 
with which it is found in a large textual sample. For the English language we have 
Count for a set of samples totalling 4} million 


the Thorndike-Lorge (1944) Word Cou l 
words of text. Many and serious criticisms can be levelled at both the construction, 
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and the use, of this. The odd thing is that in practice it doesn't work too badly. 
Reasonably clearcut relationships emerge in terms of the values it provides, and these 
latter are involved only in the logarithmic, not the absolute form. 

There are basically two ways in which we can try to find out about the word-store 
and retrieval system. One is by studying word-production in a natural setting, as 
did Goldman-Eisler (1958) and others when they recorded the time-intervals between 
words in ordinary discourse and related them to the unexpectedness of the words, 
as estimated by the difficulty in replacing them correctly when deleted from the 
written record. Another way is by interrogating, so to speak—the storage and 
retrieval system by a simple task and a single stimulus. This avoids the complex 
contribution made by context, grammar and so forth, if at the expense of some 
artificiality. Both these approaches can be fruitful, but I shall confine attention 
this afternoon to the second. Various tasks and types of stimuli are available, and 
have been used experimentally. One example is the free-association experiment, 
in connection with which Thumb and Marbe as long ago as 1901 found that the time 
taken to respond to a single word-stimulus with the first word that came into the 
subject's head depended upon how common that word was among all the words 
given by all subjects to that stimulus. Such an experiment may bear several 
interpretations—not all of them throwing light on the storage system. Other 
examples are: reading a word, translating a word into another language and giving 
the name of a presented object. It is this latter case I want to consider now. 


NAMING OBJECTS 


If we show someone an object, such as a pen, an anvil or a xylophone, and ask 
him to say what it is, the task is seemingly trivial, if for a healthy adult somewhat 
He has first to identify it—and this means deciding that itisa 
member of a certain class—and then find the appropriate name. Nobody until 
J. McKeen Cattell in 1886 seems to have asked how long this process took, and after 
him, as happened with so many other things that worthy or his contemporaries did, 
nobody else bothered with it for the next 80 years or So, when Wingfield and I took 
it up again. When we started, Rochford and Williams (1962-5) were going, much 
more precisely than does the clinical neurologist, into object-naming by asphasics. 

The chief results Wingfield and I (1965) obtained are shown in Figure I. 
Different objects, in this case presented in the form of outline drawings, do take 
different times to name, and the times vary linearly with the logarithm of the ii od 
of their names as given by the Thorndike-Lorge Count. So far as these results are 

his is not due to the fact that rare words tend to be longer than common 
ens " ht therefore require a longer time for the preparation of their articulatory 
res Partial correlation analysis of the data in relation to word-length rules 


ae Wor is ki though the 
his kind are, of course, not uncommon, g 
a A E i isual duration threshold," or shortest 


i en the “vi 
time measured has more usually be 1 l - 
time of presentation at a given intensity necessary for appropriate response. How 


: ionship in reading single words, 
for instance, found the relations € ^ 
uns DU demonstrated it for the pictures of objects we used in ie 
naming experiment. Fraisse (1963) measured both visual duration thresholds "ms 
latencies for reading single French words and confirmed the logarithmic effec 


both cases. 
But we are perhaps a small step fur 
rules out any simple binary organiza 


extreme, that of seriatim search, is equally excl 


unaccustomed. 


ther forward. The mere existence of the e 
tion of storage and retrieval. The opposi i 
uded because in this case I would n 
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yet have got round to telling you so. We have to contemplate something in the 
nature of a process with two or more stages. Two immediate questions that arise 
about naming are: "What is the connection, in terms of function—or mechanism— 
between the frequency with which an object crops up (as reflected in the frequency 
with which its name occurs in texts) and the time it takes to name it?" Secondly, 
“How much of the time is taken up in perception or identification—and how much in 


the search for the word?” 


FIGURE 1 
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as a function of name-frequency. (Reprinted from 


Response-latency for namin, 
Pond W. d z J. exp. Psychol., 17, 279.) 


Oldfield and Wingfield, 1965, Quart. 


Probabilities, and a fortiori, frequencies, do not in themselves provide a basis for 
causal explanation. To relate the frequency more closely to the search mechanism 


we need a connection between frequency itself and the eee E eap es 
o i i have presented themselves with equal frequency, bu y 
ay s ee rda much search has to be undertaken to fix on 


For it is this number which decides how i : to fi 
the one pint item. We can make an estimate of this—after a fashion—in virtue 
of the relationship usually known as Zipf's Law (Zipf, 1935). This tells us the number 


of different words which all have a given frequency of occurrence. One form in 
which it may be stated is that the number N of different words found with frequency 


fin a large textual sample is proportional to f raised to a small negative power— 
Which Zipf himself supposed to be —2. 
N = K.f 

i Ích. i iri i ise to much discussion and inter- 

Zipf's Law, which is empirical has given rise 

pretation about which I will only say that attempts, _however valuable and 
interesting such as that of Mandelbrot to derive it, or something similar, from more or 
less plausible and simple postulates do not render it trivial—as some have supposed 
in spit t's (1965) own explicit disclaimer. —. l 
pore "d 5 d with the names of objects of the kind which are 


.. For the present we are concerne Á 6 lw é 
identifiable from their appearance, whether as pictures or real things, in isolation 


344 QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY 

from contexts or other objects. A rather tedious count of these I made from the 

Thorndike-Lorge list gave the results shown in Figure 2. The two most frequent 
FIGURE 2 
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data fit a Zipf-type relationship very well (Fig. 3), 
power of f, being —1:30. 
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We S im (1965), uid an experiment in which she measured the (very much 

atencies involved in finding a word to fill a gap in a verbal context, decided 
that a two-stage search model was more in keeping with her data than other 
possibilities she considered. The stages she proposed are not those I am going to 
Suggest. In fact they are if anything the reverse, but her argument is too complex 
to do justice to at the moment. I will suggest, so far as naming is concerned, that 
the first stage consists in allotting the object to its correct frequency range, by some 
means which does not involve any actual identification and naming. The second 
stage consists of a binary search of the ensemble of words belonging to this range. 
Treisman notes the evident difficulty, that of seeing how a word (or an object) can 
be allotted to a sub-group without its being identified. I will suggest that—at 
least in the case of an object— it is first identified only as being something having a 
certain degree of familiarity, and that this is an important early stage of perception 
allowing the organism to decide quickly whether it falls into a category of things 
which can be appropriately reacted to without more ado, or whether on the contrary 
more elaborate resources of identification and response-choice must be mobilized. 
I am not going to try and say how this could be achieved—by what cues this 
implicit judgement is evoked. But there is a connection between word-frequency, 
in the Thorndike-Lorge sense—and subjective judgements of frequency and 
familiarity. Howes (1954) showed, for words in general, that intuitive judgements 
of frequency of use correlated with Thorndike-Lorge entries to between 0°57 and 0°87. 
Wingfield (1966) found similar figures for judgements of both commonness and 
familiarity of the words and objects used in our naming experiments. Fraisse, 
Noizet and Flament (1963) obtained judgements of familiarity of words, by both a 
Scaling and a paired comparison method and got a high correlation. Fraisse (1963) 
then measured reaction-times for reading single words aloud and found a higher 
correlation between reaction-time and familiarity than between the former and 
entries in the French word-frequency table of Gougenheim ef al. (1956). 

Let us suppose, then, an expression for the reaction-time in naming of the form:— 


Tr = T, + 7-loge.n. 

T, is the mean time taken in deciding in which of a relatively small number of 
frequency-ranges further search is to be directed. This time will bea constant for 
a given number of ranges, and, if the procedure is to scan the set seriatim, will be a 
linear function of that number. The second term 7.log,n, represents the second 
Stage of binary search, 7 being the time for each decision. We can see how far this 
fits the reaction-times Wingfield and I found and my count of Thorndike-Lorge, by 
Picking out corresponding reaction-times and ensemble-sizes from the two graphs 
I showed, and plotting one against the other. I have had to throw away some of 
the data because the AA and A items do not fit on the Zipf line for the reasons 
I mentioned, and because I had not the hardihood to carry my object-name count 
below a frequency of one per million. The results of this replot are shown in 
Figure 4. Since both variables were picked off straight lines this also must be 
Straight—the slight deviations are due to small errors in plotting—and we can read 
off the rate of processing information which is the reciprocal of the gradient, and works 
out at about 17 bits per sec. The Y-intercept, about 370 millisec., would presumably 
t time we have supposed to be taken over the first stage 

of the search itself, but also that required for any previous primary processes of 
i is gives an idea of the kind of argument 

That it is somewhat shaky is clear from 
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Naming-latency as a function of name ensemble size. 


We have, of course, been thoroughly arbitrary in dividing up the part of the 
frequency range we used into five sub-ranges. Within limits, it is true, the exact 
number of categories of familiarity in the first part of the search would not be critical 
to the argument. In any case nothing in our results to date allows us to guess at 
the right number. But an interesting and probably important question is certainly 
left open. Categorization in perception is under close consideration at the moment, 
though much experimental work, such as that of Turner and Treisman (Personal 
communication) at Oxford, has to do with the kind rather than the number of 
categories used. We await further developments. 


IDENTIFICATION AND NAMING 


The view I have been suggesting about the perception of an object implies that 
it proceeds by progressive classification or categorization: the first, or one of the first, 
stages being concerned with its familiarity or commonness. I will further sugges 
that it is quite wrong to think that there is any particular or definitive end-point to 
the process. It is carried just so far as is necessary for response of the kind require 
in the circumstances. Sometimes these requirements are of direct biologie 
significance. Crossing a busy street I do not stop to identify a moving object 25 e 
taxi rather than a car. The coroner might be interested in this discrimination but 
to me it is irrelevant. Sometimes, on the other hand, identification is carried beyon 
the stage at which any single name-word is available, and recourse must then be ha 
to adjectives or descriptive phrases. 


It is true, nevertheless, that the behavioural and linguistic features of our culture 


make the stage of naming a relatively definitive end-point in identification. We tend 
to invent names for things to the extent that they require differences of ben 
es 


Conversely, we are apt to behave towards things in accordance with the nam 
have—sometimes to the neglect of their properties. But it is also true that we recognize 
a distinction between knowing what a thing is and calling it by the right name. 
Animals and young children behave towards many things in much the res 
differentiated way that we do, without having names for them. As one gets a 
one is increasingly in the position of fumbling over the name for something, while 
still, in the words of the late Professor Wolters (1933), "knowing what to do about 1 is 
We ought, therefore, to ask in regard to naming-latencies how much time g 
taken up in recognizing, or identifying, the object and how much in extracti” 


a er 
its name from the word-store. More generally, we ought perhaps to enquire wheth 
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the distinction which commonsense tends to make between these two phases is 
borne out by any available experimental data. Such data are clearly not easy to 
come by. In general the only evidence we are likely to get that a person has 
correctly identified something is provided by his telling us its name— "what it is." 

Wingfield (1966), however, tried two lines of approach to this problem. The first 
consists in measuring the “visual duration threshold" for a person to be able to name 
an object. The first, simple argument on which this experiment is based would be 
that the identification process can only go on while the stimulus is present. If 
identification is not arrived at during this time it will not take place at all. In 
practice we have to allow a further brief but uncertain period during which not the 
stimulus itself, but a visual after-image or immediate memory-image remains active. 
However it is known from other experiments that this period can be very markedly 
reduced by immediate after-presentation of another, and this time meaningless, 
pattern. With the object pictures previously used, Wingfield obtained the results 


shown in Figure 5. Lines for thresholds with and without masking are shown. 
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The visual duration threshold is very much smaller than the least of the ed 
latencies, and although there is a frequency effect it isa much smaller one. So ser 
Would suggest that the “perception” —or “Gdentification” time is but : v Jm 
of the total latency. However I would not myself put too much fait dn ^s 
argument, for it does not follow that the stimulus must necessarily be present through- 

i e. It need only be there long enough—and 


out the whole of the identification time. : i J | i 
at an inte sit high enough—for the information required for identification to be 
eed uiti ig of this information once coded might well take 


extracted and coded. The process? iy depend an d ecd 


5 i i frequency effect would si 
oo ee en iw Ede a mm things to be named than for common. 


fo i i «tract | thar 
: D de esae to determine the identification time is, zi um F 
at first sight, more promising. He did what might be described as a am E x5 : 
€xperiment. He presented first the name of an object and then imme rss y a * 
a picture of an object. The latter might be the same as, or different from, the = 
and the subject’s task was to say appropriately “yes or mo as quickly as possible. 
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In another experiment the test picture was preceded, not by a name but by a picture. 
In both cases the objects were either common, having a Thorndike-Lorge frequency 
of more than five in 100,000, or rare, with a frequency of less than one in 100,000. 
As may be seen in Table I, in which the naming latencies have been inserted for 
comparison, the reaction time in all these conditions was the same and statistically 


TABLE I 
MEAN LATENCIES IN MiLLISEC. FOR THE SAME 10 
OBJECTS IN NAMING AND JUDGING SAME OR DIFFERENT 


Naming Same-different 


| 
| | 
| 
| | 
Common " J 636 | 
Rare vs 1169 | 


p aaa 


indistinguishable from 500 millisec., with the exception that for the object; 
object series there is a significant difference between the times for “same 

and “different,” the latter being the longer. Now what goes on when such 
judgements are made I am not going to try and say off hand, but at least it is clear 
that there is no frequency effect. This would be consistent with the view that à 
certain part of the whole process of identifying and naming takes a time which 1s 
independent of the commonness or rarity of the object and that it is only when the 
name has to be explicitly evoked that this factor plays a part. In the secon 

experiment, in which both presentations are pictorial, it might, of course, be argue 

that the decision “same” or "different" could be made purely in terms of visual 
pattern without regard to representative meaning. But in the first experiment 
there is no specific first picture for comparison with the second. On the other hanc, 
it does not seem as if the name is being retained for comparison with the name o 
the second object, for the evocation of the latter would presumably once agam 
introduce a frequency effect. Wingfield's conclusion that the total latency is m e 
up of a fixed and a variable part seems provisionally reasonable and in keeping W! i 
the outcome of our previous argument which, you will remember, led to a constan 

time of 370 millisec. Some preliminary work I have done recently suggests that the 
"same-different" technique may prove fruitful in the assessment of language 
disorders associated with injury or disease of the brain. 


THE BRAIN’S PART IN NAMING 


So far we have said nothing about the brain. The brain is a physical ob 
having bulk and spatial parts grossly discernible. When we think of a SOT" . 
generally imagine it as being organized in a spatial sense so that related items 
together in a certain region. And we also suppose that a good store has ya S 
that its contents are kept apart from other things. Is the word-store litera 7 
contained within, and the sole occupant of, a certain limited region of the nre 
Nineteenth century writers certainly inclined towards this simple kind of ion di 
though there were dissenters—notably Hughlings Jackson and Sigmund p 
Today there could be less agreement on this point, if only because in the history 
clinical observation an enormous number of people are known to have lost the f 
of this or that part of their brains, covering between them every region of the cere or 
hemispheres, yet there is still surprisingly little evidence that anyone ever lost P 
or the whole of his store of words as such, though of course, for one reason OT ano 


ject 


À 
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he may be unable to produce any given word appropriately either singly as in naming, 
or in continuous discourse. But difficulty in finding names for things is a marked 
feature of a variety of forms of language disturbance associated with lesions in a 
number of different regions of the brain. In ordinary clinical examination the patient 
will often in this way betray some degree of aphasia when otherwise capable of 
convincing continuous speech in which, indeed, he may show himself able to use 
names which he is incapable of producing when simply asked what an object is. 
He may circumlocute in his efforts to get the name to emerge and may show, for 
instance by referring to the use or function of the object, that he well knows what 
it is, It seems, in fact, as if it is the retrieval mechanism, rather than the store itself, 
that is at fault. Lesions of some parts of the hemispheres are more productive of 
such disorders than are those in others, and the findings of Hécaen and his collaborators 
(Marcie, P., e£ al., 1965) for the left hemisphere shown in Figure 6 are probably 
representative, so far as what is apparent at the clinical level is concerned. 


FIGURE 6 


After Hécaen (1964) 
for regions of the left hemisphere—from data 


Marcie et al., 1965). 


Relative incidence of naming disorders 


of Hécaen and collaborators ( 
is—] i fined techniques than 

Can we get any further than this—perhaps by using more re h 
the «ema has T his disposal? Lotmar as long ago as 1919 was, I think, the first 
clinician to publish recorded latencies, for object naming if only on one case, but it is 
P n these crude data fit a time-frequency relationship. 
made use of latency measurements— 


1), I believe, S 
cae performance. But in the extensive work of 


5) other features were examined. They had noticed, 

i j t different degrees of difficulty 

as ot , that different objects presen i g 

to pw rcp on a chosen set of objects in this order, they found that 

substantiall this same ranking applied to the age at which children could name the 

Objects es p the difficulty—as measured by percentage success—presented at any 
as found with patients in a befuddled condition 


given age. h the same W ; ; 
Buen, dup acolo therapy and with normal subjects stressed by speed and 


pleasing to find that eve 
Otherwise only Ombredane 
in this case to trace oscilla 
Rochford and Williams (1962 
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a barrage of misleading verbal stimuli. Moreover they found evidence that the 
types of error made in all these cases were similar. All this at least suggests that the 
disturbances found in the brain-injured are not something esoteric and peculiar to 
their pathological condition, but represent an exaggerated form of a partial break- 
down of old-established normal function discernible in normal people. 

In the course of further work Rochford established a clear frequency-effect in 
naming by aphasics in terms of a percentage-success measurement, not only in the 
straightforward task with objects but in a number of other connections, such, for 
instance, as the evocation of verbs in response to pictures of activities. These 
valuable experiments fill out and refine our ideas about naming and in many respects 
go beyond the limited factors with which we are concerned this afternoon. 
Newcombe, Wingfield and I (1965) in the course of studying latencies in a brain- 
injured population also obtained data in terms of percentage success. These are 
shown in Figure 7 and raise one or two points of interest. The first is the marked 


FIGURE 7 
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Performance at naming as a function of name-frequency. (Reprinted from Newcombe 


Oldfield and Wingfield, 1965, Nature, 207, 1217, by kind permission of the Editor.) 


superiority of the university subjects of our first, laboratory, experiment over hc 
supposedly normal, but perhaps less literate, hospital control group. This is a © pe 
warning that cultural factors and personal endowment must be taken into au 
in this field. Secondly the non-aphasics, whether left or right hemisphere, and C 
normal hospital patients are not separated by the particular measurement. Lastly. 
here, perhaps, a hint to the clinician—the detection of mild nominal aphasia ™ 
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require the use of objects whose names occur less than about once per hundred 
thousand words of text. 

When it comes to latencies, however, things become a little clearer. Our subjects 
were a group of rather over a hundred people, nearly all of whom had sustained 
injuries to a variety of parts of the cerebral hemispheres in the Normandy campaign 
of 1944 and to this extent formed a population restricted in pathology, in age, and in 
health before being wounded. The same set of objects as before was used, though 
the technique was slightly simplified to meet the different conditions of the clinical 
setting. A full analysis of the results is still going on—we find it better not to allow 
the computer to churn out too much at a time—but some interesting features have 
emerged. The latency-frequency relationships for these groups are shown in 
Figure 8. The lines are all statistically healthy and significantly different from one 


another. 
FIGURE 8 
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hat latency-measurement does discriminate the four 
he aphasics come out worst with the highest mean 
ding with the lowest information rate. All 
comparison with the normals. Is this 
heir cerebral computing machinery, or is 


The first point to notice is t 
Eroups. As we should expect, t 
latency and largest slope—correspon 
the brain-injured show this slowing by 


b Į slowing down oft x 
gopegee n S A to a breakdown of what Goldstein called the 


t k will be needed to answer this 

inst te" of language? A lot more wor l 

Brei c Whe kr interesting feature of these graphs is the unexpected 

reversal of the right and left hemisphere groups without aphasia. This might have 

been an artefactual consequence of dividing the left hemisphere group into those 
r the latter would tend to include the larger lesions, 


without aphasia and those with, fo í : t L ; 
and lissk£oro remige them from the comparison, while the right sided group still 
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contains them. But this does not seem to be the explanation, for when we compare 
groups matched for size and severity of lesion the positions are unchanged. Now, 
with certain special exceptions, the whole weight of clinical evidence supports the 
view that in a right-handed person the left half of the brain is "dominant" and in 
particular contains all the language mechanisms. Surgical interference with the 
right, for instance, is universally held to present no hazard to speech. Indeed a 
certain conspiracy of silence prevails among neurologists about the lack of anything 
much for the right hemisphere to do. From time to time suggestions have been 
made about its role in speech. Hughlings Jackson, for instance, thought it might 
have to do with the more automatic aspects, or alternatively that it was here that 
words already formulated waited their turn for utterance. Much more recently 
Hécaen and his colleagues (Marcie e£ al., 1965) have reported certain specifically 
verbal defects associated with pure right-sided lesions. The position so far as 
naming is concerned is that, taking a test which the clinician himself uses to establish 
the presence or absence of aphasia, and refining and quantifying this, we seem to 
discover a certain blurring in the outline of the original clinical concept. Ought we 
to say that the patient with a right-sided lesion is slightly aphasic, or ought we E 
account for the fact that he takes longer to name things on some other ground? 
The answer must partly depend on finding out the effects on naming-latencies o 
lesions in different parts of the two hemispheres respectively. Whether our own data 
will allow this remains to be seen. . 

I am afraid we cannot claim this afternoon to have taken more than a first bite— 
or even, perhaps, nibble—at the problem I raised. But I thought it better in the face 
of this audience—and particularly its principal member—to try and tackle something 
definite. Long experience of Sir Frederic’s reaction to generalities remote from p 
discourages the use of the brain to produce words without reference to things. V A 
have tried to find out something of what goes on when words are taken out of store 
in response to single stimuli such as objects. What relation does this problem 
bear to that of word-storage and evocation in the case of continuous discourse! 
Little, it would seem, at first sight. The aphasic who is stumped when shown & 
knife and asked to name it may often generate meaningful and reasonably correc 
word strings, which may include this word, at a speed comparable with that of a 
normal person. If, on the other hand, we ask a normal person to name an objects 
it takes him about six-tenths of a second to do so, and an entertaining experiment d» 
to present a succession of objects at the rate of about 100 a minute. This is well below 
the rate at which he produces words in ordinary talk, but does not allow enough 
time for each object to be named. The result is a breakdown in the flow of words, 
with speech blockage, naming errors and even attempted circumlocution. 

Does this mean that not only the access systems, but also the storages, are 
different in the two cases? Perhaps this question has something in common W! 
the old problem of whether language as a self-contained system of verbal elements 
inter-related by rules of use is different from language as referring to the externa 
world of things. Certainly far more psycholinguistic research today is being devote 
to the former than the latter aspect. And good progress is being made. But I 40 
not think this robs our own more limited problem of interest and importance. x 
seems very unlikely that when I utter the word “pencil” in naming an object A 
comes from one store, while when I say “A pencil is useful because you can rub o 
what you write” it comes from another. But if there is to be a single store it MUS 
be organized not only in the way we have imagined—in terms of frequency of use GE 
familiarity—but also in such a fashion that sentence-generating programmes can 
operate on it. Libraries have not only their author—but also their subject catalogue? 
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What this other fo or o y y presen an 
S rm of rganization may be we cannot say at t, bi 
, but y 
iderstanding we can get of single word-extraction can scarcely fail to help us 


find out. 


Much of the work referred to in this lecture was done by m i 
i my frie a 

A d Medical Research Council Psycholinguistics Research praebe e n 
a wes and Arthur Wingfield. Freda Newcombe, although not ‘in’ the Unit has been 
ee efinitely ‘of’ it. I cannot sufficiently express my gratitude to all of them for their 
kad ne part in the actual conduct of the experiments and for the opportunities I have 
x. Or discussion with them. Though they must not be supposed to be responsible for 
my theoretical interpretations, or even necessarily in agreement with them. I should 
never have formulated these without their stimulus and encouragement. : d e 

To the Medical Research Council I must also express our gratitude for their constant 


support of work at Oxford in this field over the past 10 years. 
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When a series of reproductions of an interval is made in the absence of a standard the 
judgements progressively lengthen. The similarity between stimulus conditions in this 
type of time estimation experiment and the conditions which produce a decrement i 
human vigilance is discussed. It is argued that failure to detect cues for the passage © 
time reduces the amount of time perceived to elapse. Reproduced judgements must 
consequently be increased in length to match remembered standards. The hypothesis 
is then made that the kind of variation in background stimulation which facilitates 
vigilance should increase the frequency of detection of cues for duration and eens 
reproduced judgements. This hypothesis is tested with 80 subjects and a reversal of the 
serial reproduction effect is found on trials with changed background conditions. 


INTRODUCTION 

,, When subjects are required to make a series of reproductions of an interval of time, 
without | presentation of the standard interval between judgements, the estimates 
progressively lengthen (Brown and Hitchcock, 1965; Falk and Bindra, 1954). Using 
the method of comparison, Woodrow (1935) observed a similar effect. Treisman (1963) 
has suggested that the effect may result from a decline in “specific temporal arousa 
pien in his model for an internal clock, affects a pacemaker providing impulses for ® 
counter. 

Since it is common in experiments of this sort to keep extrancous stimulation 45 
monotonous as possible, effects similar to those found in studies of human vigilance ney, 
be expected (Buckner and McGrath, 1963). As the experiment progresses the subjec 
may have increasing difficulty in detecting cues from which to infer the passage of om 
Consequently he must allow the timer to run on further and further to make judgement? 
of apparently equal durations. 

In a review of the literature on vigilance, Broadbent ( 
in background stimulation which produce a moderate increa: 
may improve performance. McGrath (1963), for example, found that, when vigilance 
signals were presented at a slow rate, varied background ‘stimulation 'in one modality 
improved vigilance in another. In several experiments on time estimation Frankenhaeuse? 
(1959) found that when the backgroun 
operative judgements were smaller, Suggesting that more time w. 
under conditions favouring low detection thresholds. in 

The aim of the experiment reported here was to examine the effect of a variation E: 
background stimulation (alerting stimulus) introduced during a series of reproduction 
of an interval of time. It was expected that, as in the studies by Brown and Hitchcoc* 
and Falk and Bindra, the judgements would progressively lengthen (Hypothesis 1). in 

It was predicted that if this serial effect were due to an increasing difficulty, 
detecting time-relevant cues, the interpolation of a chan i sis 
would, at least temporarily, reverse the effect and lead to shorter judgements (Hypothe 
2). 

! It was also argued that pre-exposure to an alerting stimulus would decrease its d 
to reduce the serial effect (Hypothesis 3). This hypothesis was based on Berlyne's (19 
views on the role of novelty in the elicitation of an arousal reaction. 


METHOD 
Procedure j 
Each subject made 20 reproductions of a 5-Sec. interval which was demonstrated m 
times before the series of judgements began. Forty subjects received an alerting stimu 
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during their 5th and 6th estimates (Early) and 4o while making their 17th and 18th 
estimates (Late). Twenty subjects in each of these groups received an auditory alerting 
signal (Bell) and 20 in each group received a visual signal (Light). For ro subjects in 
each of the above treatment combinations an attempt was made to reduce the novelty 
of the light or the bell by pre-exposure to them before testing began. These subjects 
were members of the low novelty group (Low). The remaining ro subjects in each group 
received no pre-exposure to the alerting stimuli (High). Different treatment combina- 
tions were thus given to eight groups with 10 subjects in each group. 

Subjects sat at a table facing an 8 in. by 15 in. translucent screen in a semi-dark room. 
Before testing, subjects in the Bell-Low group were presented with four 2-sec. rings 
Separated by r-sec. intervals. Subjects in the Light-Low group were exposed to ro 
O'5 sec. flashes with 0-5 sec. between flashes. These events were controlled manually 
and timed with a stopwatch. The bell was a mechanical doorbell. The light stimulus 
was provided by a slide projector mounted on the other side of the screen facing the 
subject. The projector was operated through an electronic timer set to give a 0-5 sec. 
impulse whenever the experimenter pressed a remote control button. Since subjects 
in a pilot study had complained that the light was painfully intense two superimposed 
slides were placed in the projector to give an irregularly shaped dark patch in the centre 
of the screen. 

Following either pre-exposure or a 3-min. wait subjects were shown how to use a 
switch to start and stop a recording timer the dials of which were visible only to the 
experimenter. The subject was then told not to count or tap and to attend carefully. 
The 5-sec. standard was presented, its boundaries being marked by the click of relays in 
n After five demonstrations of the 


a timer similar to the one controlling the projector. 4 s 
standard the subject made 20 reproductions of it. The interval between judgements was 


determined by the time it took the experimenter to note the interval recorded to o-01 sec. 
on the response timer, reset the timer and say: “and again. The alerting stimuli were 


Presented for the durations of the judgements on either the esvly orbs lata ERES Ba 
described above. 


Subjects 
The subjects were 80 volunteers from rst and 2nd year classes and the junior staff in 
the Department of Psychology at the University of Melbourne. None of the subjects 


knew the aims of the study. 

Results. Results from all groups w! 
the first eight trials of the Early group 
Late group, the serial effect and the d 
illustrated. 


ere very similar. In Figure r, in which data from 
are combined with data from trials 13 to 20 of the 
lownward deflection of alerted trials are clearly 


FIGURE r 
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C i lv and Late groups showing the serial effect and the effect of 
A ep p ee eng line shows the initial fall in estimates from non-alerted to 
alerted conditions. The Early alerted trials were trials 5 and 6. The Late alerted trials 
Were trials 17 and 18. 
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The raw scores were examined in the light of Boneau's (1960) conclusions about the 
robustness of the / test. There appeared to be no reason to doubt the direct applicability 
of the F ratio and ¢ test to the untransformed data. In the following analyses two-tailed 
tests were used. 

Before the significance of the drop in judgement magnitudes on the alerting trials was 
examined, effects due to type of alerting stimulus, level of novelty (pre-exposure) and 
early or late presentation were sought. For each subject the estimate on the trial upon 
which the alerting stimulus was first given was subtracted from the score on the previous 
trial These data were then subjected to an analysis of variance fora 2 x 2 x 2 factorial 
design (Winer, 1962). None of the effects reached the 0-05 level of significance. 
Hypothesis 3 was thus not confirmed. 

_Since the Bell-Light, High-Low and Early-Late manipulations led to no significant 
differences in the degree or direction of change in estimates from non-alerted to alerted 
conditions, it became possible to pool data from these sources for a test of the alerting 
effect itself on all So subjects. This was achieved by comparing the mean estimate 
(6:5 sec.) on the first alerted trial with the mean estimate (7-8 sec.) on the immediately 
preceding tria] using a / test for correlated groups. The difference was significant 
(t = 5:5, d.f. = 79, p <-001). Hypothesis 2 was thus confirmed. 

It was then necessary to show that the decrease in estimates on alerted trials was 
embedded in a series of trials exhibiting an opposing trend—the serial effect. Eighteen 
trials were available for testing the serial effect and an a priori decision was taken to 
analyse eight of these, four trials bracketing the Early alerted trials (trials 1, 4, 7 and 8) 
and four trials bracketing the Late alerted trials (trials 13, 16, 19 and 20). In this way 
the selected trials were spread economically and symetrically over the available range- 

Data from the Bell-Light and High-Low categories were pooled. A2 X 4 factorial 
analysis of variance was used with repeated measures on one factor (Winer, 1962). 
Early-Late was factor 4, treated at two levels, a, and a, Trials gave the repeate! 
measures factor, factor B, which was treated at four levels. With this design it was 
expected that the serial effect over trials on either side of the alerted trials would appear 
as a significant effect on factor B. The serial effect between Early and Late samples 
would show on factor A. An A x B interaction could be taken to mean either that the 
serial effect was asymptotic or that the alerting stimuli on trials 17 and 18 also depresse 
scores on trials 19 and 20. Table I shows that the results of this analysis supported 
Hypothesis 1. . 


TABLE I 
RESULTS OF ANALYSIS OF VARIANCE TO TEST FoR SERIAL EFFECT 

Source SUS; d.f. | F p 
Between Ss .. T. T 8130-88 79 = aed 
A (Early/Late) e T 572:72 I ‘QI «005 
Subj. w/in groups... ave 7558-16 78 2 = 
Within Ss  .. T if 708-67 240 — ae 
B (Trials) si m bd 86:69 3 11:28 «0:001 
AB ox js E ad 21:69 3 2:82 «0:05 
B x Subj. w/in groups ES 600:29 234 Tes me 

s S DET RE 


A further test of Hypothesis 3 was made by comparing data from the first and second 
presentations of the alerting stimuli (trials 5 versus 6 17 versus r8). Data from 
Bell and Light categories were pooled and the High-Low and Early-Late distinction 
were kept in a factorial 2 x 2 x 2 design for repeated measures on one fa 
(presentations). No effects reached significance at the 0:05 level. 


Discussion 


The data from this experiment demonstrate that there was a significant tendency. ie 
the judgements to get longer as the trials progressed. Judgements on alerted Mut 
however, were significantly shorter than those on the immediately preceding non-aler' 


STIMULUS VARIATION AND JUDGEMENTS OF DURATION 357 


trials. No significant effects attributable to pre-exposure or repeated stimulation were 
found. The results support the general notion that extended series of perceptual 
judgements in monotonous conditions are influenced by some of the determinants of the 
vigilance decrement. This should be considered in the design of psychophysical studies 
where similar conditions are used and averages of large numbers of judgements are 
required. 

More particularly, support is given to the hypothesis that the threshold for the 
detection of cues for the lapse of time is raised by monotonous stimulation and lowered 
by varied stimulation. No conclusive statement about the role of stimulus novelty can 
be made, however, because this variable was not explored over a sufficiently wide range 
of levels. 

This report is based on research submitted as a partial requirement for the degree 


of Master of Arts in the University of Melbourne. 
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ERRORS OF COMMISSION AS A FUNCTION OF AGE AND 
TEMPERAMENT IN A TYPE OF VIGILANCE TASK 


BY 


G. S. TUNE 
From the Medical Research Council, Unit for Research on Occupational Aspects of Ageing, 
Department of Psychology, U niversity of Liverpool 


Forty subjects monitored a 40 min. series of 10-sec. intervals containing dig 
(spoken at the rate of 1 per sec.), each followed by ro-sec.silence. The task was to repor 
whether or not three consecutive and different odd digits occurred. Responses were 
forced. The results showed that there was no correlation between either age or tempera- 
ment and the number of correct detections made. Older subjects, however, made more 
errors of commission, and were less able to distinguish wanted from unwanted events. 
The younger and introverted subjects appeared to be more cautious. The data is 
discussed in terms of the arousal theory of vigilance performance, 


INTRODUCTION 


Griew and Lynn (1960) have argued that older and extraverted subjects should He 
worse at vigilance tasks than younger and introverted subjects because they genera t 
reactive inhibition faster and dissipate it more slowly. While it is well established tha 
introverts do make more correct detections than extraverts (Bakan, 1959; Bakan, Belton 
and Toth, 1963), the evidence for an age difference in correct detections is not unanimous. 
Davies and Griew (1965) in a survey of the topic indicated that old people achieved 
Similar detection scores to younger people. Surwillo and Quilter (1964), however, di 
show an age difference in performance in the Mackworth Clock test, but this emerged only 
after 45 min. on the task. 

It has also been reported (Tune, 1966) that while older and younger subjects made 
comparable correct detection scores in a forced-choice response vigilance task, the former 
made many more errors of commission (reported many unwanted events as if they pe 
in fact “wanted”). In an extreme case the effect of this response bias would be tha 
subjects achieved a maximum correct detection score but also a maximum number © 
commissive errcrs, Obviously the more errors of this type a subject is prepare 


The present experiment was designed to examine these points in a vigilance task where 
forced-choice responses were required, and where errors of commission were not dis- 
couraged, where the performance of young, old, introverted and extraverted subjec 
could be compared. 

PROCEDURE 


Subjects listened to a tape recording of groups of ro digits (the numbers T ia’ 
inclusive were used in a quasi-random order) each group being followed by ro sec. siena j 
The task was to identify three consecutive, different and odd digits (e.g. 517, 93 5 ero 
occurring somewhere in the group (the exact location of the three “wanted” digits x ë 
randomized such that neither the first nor the last number in any group of 10 was is 
beginning or end of an odd-odd-odd triad). No more than one “wanted” triad Dcos 
in any one block of 10 digits. Subjects were instructed to listen to all ro numbers a 
then to place a tick in one of two columns on a prepared answer sheet. The two oes 

ere headed “No” (a wanted combination of numbers did not occur) and “Yes” (a biel 
e: bination did occur). In the latter case subjects were also encouraged to write 3 
‘iad in a third column: it was emphasized, however, that this was unimport@ 
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(transcription errors were not counted against a subject). Scores were assessed entirely 
in terms of the number of ticks placed in the “Yes” column. The subjects listened to 
120 groups of ro digits over a period of 40 min.: 27 of these contained a “wanted” triad. 
A. brief practice session consisting of two groups of ro digits (one with and the other 
without a “wanted” triad) was given in order to ensure that subjects understood the 
procedure. The experimenter remained with the subject for the first $ min. of the task 


and then left. 


Subjects. Forty subjects were used. These were classified as old (those over 50 
years) or young (those of 49 years and under) They were further classified into 
introverts or extraverts by means of their score on Part 2 of the Heron (1956) inventory. 
A division was taken at the median score to ensure equal groups. There were thus four 
groups of 1o subjects (see Table I). In addition each group contained five men and five 


women. 
RESULTS 


Two response measures were taken from the raw data produced by each subject: 
these were (a) the number of "Yes" responses which were correct detections and (b) the 
number of ''Yes" responses which were errors of commission. The distribution of “Yes” 
responses by type, age and temperament is shown in Table I. It is apparent that in the 
four groups the probability of making a correct detection was about the same. The 
error of commission scores, however, show a different picture. Spearman rank correlations 
were calculated therefore between the two response measures and the two independent 
variables and are given in Table II. These indicate that the older subjects made more 


TABLE I 
Tur DISTRIBUTION OF "Yrs" RESPONSES BY AGE, TEMPERAMENT AND TYPE 
Mean Mean Correct Errors of 
N age Heron2score| detections | commission 
Old Introverts 10 65:9 78 248 | 96 
Old Extraverts .. 10 65:3 3'9 234 325 
| 
Young Introverts .. 10 35:5 93 246 i 
Young Extraverts. . 10 3831 44 252 3 
- | | 
Totals .. 23 40 — — 980 469 
TABLE II 


SPEARMAN RANK CORRELATIONS BETWEEN THE RESPONSE MEASURES AND 
THE INDEPENDENT VARIABLES 


P p < (two-tailed) 
Age x Correct Detections Es — 0:046 ms i 
Age x Errors of Commissio: T S ona 
sexy e 07 on | e - 
Heron (2) x Correct Detections .. +o oa = 
Heron (2) X Errors of Commission um 905 
nem 6) : 2 i ss oo +0°395 oor 


Heron (2 


as no relationship between age and correct detection 


Scor ight tendency for the older people to make fewer (as shown 
y De mA of the eral atin): Temperament was not significantly associated 


with correct detections although there was a tendency for high Heron 2 scorers 


errors of commission whereas there w 
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(introverts) to make more. A low Heron 2 score on the other hand was significantly 
associated with a high error of commission score. . 

The probability of making a correct detection and the probability of making an error 
of commission were calculated for each subject and from these scores d’ and B were 
ascertained by reference to tables (Freeman, 1964). If the former is taken as a measure 
of signal discriminability and the latter as a measure of caution (Broadbent and Gregory, 
1963), it is apparent from the correlations between these scores and the independent 
variables (Table IT) that the older people and the extraverts were less able to discriminate 
signals from non-signals whereas the younger people and introverts were more cautious. 


Discussion AND CONCLUSIONS 


. It seems clear that although, in this experiment, there were no individual differences 
in correct detections, the older and extraverted subjects did exhibit similar performance. 
Increasing age and extraversion were both associated with large error of commission 
Scores, an inability to distinguish wanted from unwanted events and a tendency to be 
incautious. 

, These results are apparently in agreement with some findings, that there is no age 
difference in detection Scores (Davies and Griew, 1965), and apparently in conflict with 
others, that there are temperament differences in correct detection scores (Bakan, 1959): 
If errors of commission are considered, however, the picture is changed. It WES 
emphasized in the introduction that such errors would tend to obscure individual difference, 
in detection scores. This, it seems, is what happened here although the older am 
extraverted subjects tended to detect fewer wanted events than the younger an 
introverted. i 

The problem of why some groups made more errors of commission than others is not 
easy to answer. Although these data lend support to Griew and Lynn's reactive 
inhibition hypothesis, other accounts of vigilance performance must be considered. 

Broadbent (1963) has argued that introverts are chronically aroused, hence extraverts 


may be regarded as underaroused. While there is little physiological evidence to supP%™ 


m. he we Te BE aad e 
this view, it has been found useful in explaining temperament differences in vigilanc 


performance (Broadbent 1963). It is tempting to assum chat r people 
TIAN sA assume further, that older P 
are likewise underaroused (Tune, 1966). From this point of view it would be reasona| e 
1 : : T attempt to raise their arousal level to a suita o 
leval by moreasmg their response information (alternating between the two types S 
response, Yes and "No," more readily). This would result in the underaroused group 
making more commissive errors, as was found here. On the other hand, Welford (1965) 
has argued cogently ue older subjects are in fact overaroused. What the effect of SUC 
ch subjects’ error of commission score is n i 5 
E k c e is not entirely clea: 
pus le that overarousal might imply overactivity which could be exhibited in a tendency 
o alternate between Tesponse categories. If this was accepted, it would mean that 0V^ 


m forse „were rig ae indistinguishable since both would produce eek 
‘ missive errors. For this reason it i S ical to regi 
older subjects as underaroused. 1t is perhaps more economica 


" Mud ap roach is to avoid speculation about arousal states, since the evident 
8 & quivocal, and to posit that older e 
ently less pantin, This view implies that such rohen 
S by reportin nted even 
they were not. The fact that B, in this Bader ki ee corned with pU 
and positively with „a high Heron 2 score (introversion) lends some support to a 
argument, although it conflicts with Craik (1965) who found that older subjects W° r 
more cautious than younger, These two approaches are not necessarily unrelated, 2 
d cautiousness are not independent of each other (We Era 


From the results of this experiment and what i i 

made. The arousal approach seems to pha hee "s eese pene i regarded 
as an index of need for information, This ties in well with the "'sensoristasis" hypothesi 
(Schultz, 1965) and implies that subjects will seek information in order to perio, 
should, therefore, increase with time Epen Di 
Commissive errors Should also distinguish be rs 0f 
The Present data show that age correlated with Per 

of significance than did temperament. This is only $ 


e 
ons may P 


progressively de-arousing task. 
differential levels of arousal. 
commission at a higher level 
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evidence that age is more de-arousing than extraversion and more refined evaluations of 
this point need to be made. 


I should like to thank Mr. R. Aldridge-Morris for carrying out some of the experimental 
work described here. 
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SHORT-TERM MEMORY FOR WORD SEQUENCES 
AS A FUNCTION OF ACOUSTIC, SEMANTIC 
AND FORMAL SIMILARITY 


BY 


A. D. BADDELEY à 
From the Medical Research Council, Applied Psychology Research Unit, Cambridge, Englan 


Experiment I studied short-term memory 
Sequences as a function of acoustic and seman 
effect of acoustic similarity on STM (72 
(p <o-oor) than the small (6-3 p 
similarity, 

Experiment II compared STM for sei 


(STM) for auditorily presented five wora 
tic similarity. There was a large price 
"5 per cent.) which was significantly pesi 
er cent.) but reliable effect (p < 0:05) of seman 


quences of words which had a similar letter oo 
ture (formal similarity) but were Pronounced differently, with acoustically lege e tof 
formally dissimilar words and with control Sequences. There was a significant effec 
acoustic but not of formal similarity. 


Experiment IIT replicated the acoustic similarity effect found in Experiment I s 
visual instead of auditory presentation. Again a large and significant effect of acov 
similarity was shown. 


INTRODUCTION 
In a series of short-term memory (STM) ex 


that sequences of items which are hard to discriminate in noise are also hard to remember, 
even though presented visually. Analoj i i i 


shown in long-term memory (LTM) wh 


r Structure (Horowitz, 1961) and of epo 
» 1966). However, Baddeley and D 
arning failed to show an equivalent effect of semanti 


ExPERIMENT I 
p METHOD 
Design 


Í two conditions, A and B. Both groups 
In condition A these comprised 12 wes 
acoustically similar words (mad, man, mat, cap, cad, can, cat, cap, 
l set of acoustically different words of equal shorn die IE 
and Lorge, 1944) (cow, day, bar, few, hot, pen, sup, pit). 5 
set of eight adjectives with similar me 
(big, long, broad, » Wide) and 12 from a set of eight semantica 
different words of equal Thorndike-Lorge frequency (old, deep, foul, late, safe, hot, d 
thin). All sequences were drawn at random with the constraint that no word IoP 
more than once Similar and different sequences were presen 
in the same random order in both conditions. 
Procedure 


Subjects were tested in Broups of about 20. Word sequences were presented by dii 
recorder at a rate of one word Per sec. and subjects were allowed 20 sec. to write cd 
ordered responses. To maximize response availability the relevant sets of words w 
written on cards and b isi 
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before and after the memory test to ensure that subjects were hearing words correct 
The 16 relevant words were presented in random order and subjects were allowed 5 a 
per word to copy them. Two Condition A subjects did not score perfectly and were 
discarded, leaving 20 subjects in Condition A and 21 in Condition B. Housewives from 
the A-P.R.U. subject panelserved assubjects. These were paid for participation and were 
assigned haphazardly to one of the two conditions. 


RESULTS 
Performance was scored in terms of percentage correct se i 
5 Scc quences, and since score: 
were not normally distributed they were analysed using non-parametric tests. a 

Acoustic similarity. A mean of 9:6 per cent. of the acoustically similar sequences were 
correctly reproduced (range 0-33: 3), compared with 82-1 per cent. of the control sequences 
(range 58:3-100). Since there is no overlap between the two distributions, the difference 
is clearly highly statistically significant, p < o-oor. 

Semantic similarity. The mean score for semantically similar sequences was 6477 
per cent. correct (range 16-7-100), and that for control sequences was 71:0 per cent. 
(range 167-100). Although the mean difference is only 6:3 per cent. a Wilcoxon test 
indicates that it is statistically significant, p < 0°05. 

g Comparing acoustic and semantic similarity. The mean difference between acoustically 
similar and control sequences was 72°5 per cent. (range 50:0-91-7). The equivalent effect 


of semantic similarity was 6-3 per cent. (range 0-41°7)- Since there is no overlap between 
the two distributions, the greater effect of acoustic similarity is clearly statistically sig- 


nificant, p < 0'001. 
These results suggest that ST. 
sequence acoustic similarity comp: 


M for word sequences shows a massive effect of intra- 
ared with only a slight effect of semantic similarity. 


In fact, however, Experiment I confounds acoustic and formal similarity, since the words 
which sound alike do so because they have letters in common. Since formal similarity 
has been claimed to have a marked effect on verbal learning (Horowitz, 1961) it is clearly 
desirable to separate its effect on STM from that of acoustic similarity. Experiment IT 


attempts to do this. 
EXPERIMENT Il 


METHOD 


Design 
All subjects attempted to recall 24 five-word sequences, comprising eight sequences 
drawn at random by sampling without replacement from each of three sets of words. 


Set A comprised five words which were acoustically similar but relatively dissimilar in 
ught, wart), Set B comprised five words with similar 


letter-structure (bought, sort, taut, ca Set 
letter structure but relatively dissimilar pronunciation (rough, cough, through, dough, 
bough) and Set C comprised five words of approximately equal Thorndike-Lorge frequency 
to sets A and B, presenting a roughly equivalent degree of spelling difficulty due to unusual 
letter structure or occurrence of homophones (e.g. caught-court, dough-doe), but which 


both sound and look relatively dissimilar (plea, friend, sleigh, row, board). 


Procedure 

_ The 24 sequences 
in Experiment I pres 
were allowed 20 sec. 


were presented in random order to a group of 17 housewives. As 
the rate was one word per sec. and subjects 


entation was auditory, on and st 
to write their responses. To maximize response availability the 
three sets of words were written on cards which were visible throughout the test session. 


To prevent the use of position on the card as a cue, four cards were used, each with a 
ed frequently. Again listening tests were given before 


different order and were interchang i 
and ater the main experiment. In each test, the 15 words were read out in random 
order and the subject was allowed 5 sec. to write down what she heard. All 17 subjects 
scored perfectly on both tests. 
RESULTS 

as follows, acoustically similar words 36:5 per cent. correct 
sequences 0-100), formally similar 55:8 per cent. (range 25:0-100), control words 
635 par = S range [d xen Comparison using the Wilcoxon test showed that 
performance on acoustically similar sequences was significantly poorer than performance 
on either control sequences, ? < o-oor, or formally similar sequences, p «oor. There 


Mean recall scores were 
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imi ntrol 
as no significant difference between performance on formally similar and co 
Wi 
sequences, p > 0-05. 


sound, so that if the subject remembers onl 


Although the set of acoustically similar words are more formally similar than wama 
be ideal, and the formally similar words are probably not as accustically uicem Dae 
the control list, it nevertheless seems fairly clear that acoustic rather than formal similarity 
was the principal source of difficulty. i —— 

Owever, both Experiment I and Experiment II have used auditory presentatio Aue 
that both results are open to the objection that some of the acoustic effect may be 


. The listening tests used suggest that it is unlikely that very much 


earing, but the possibility exists that ee 
of the effect may be due to the interaction of perceptual and memory loads. The followir 
experiment therefore attempts to replicate the 
presentation. 


terdum eae ; isual 
acoustic similarity effect using visua 
EXPERIMENT III 
METHOD 
Material 


Twenty-four five-word sequences were Prepared com d 
random from a set of Io acoustically similar words (mad, man, map, mat, max, can, cad, 
cap, cat, cab), and 12 from a control set 


(pen, rig, day, bar, cow, sup, pit, hot, few, bun). 
Each word was typed on a 4} x 3i in. card, 


aos t 
prising 12 sequences drawn à 


Procedure 


Subjects were tested individually; the experimenter presented the material manually 
at a rate of one word per sec. af j 


ter which the subject attempted to write down the sequence 


in the appropriate order. The two sets of words were visible throughout the experiment 
to maximize response availability, and again several different arr. 


angements of each set 
were used. Ten young enlisted men served as subjects, 


The mean rec à 
0-8:3) and for contr 3 Per cent. (range 8-3 or.) The clear citer 
between the two types of Sequence was shown by all ro subjects and is thus highly 
statistically Significant, P < ooor. 

The overall level of ioe 
question of whether thi ifferent method of presentation, the selection 
sequences from ro-word instead of eight: 


used is, however, beyond the scope of th 


performance was 
S is due to the d 


Baddeley, 1966; Baddeley and Dale, 1966). 
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OVER-CONSTANCY AND VISUAL ACUITY 


BY 


R. W. GUBISCH 
From the Physiological Laboratory, Cambridge 


A recent study by Joynson, Newson and May (1965) has demonstrated that errors of 
judgement in estimating the sizes of remote objects are closely correlated with the visual 
angles subtended by those objects; they observed that the errors, overestimations which 
increased as the angles decreased, disappear above about two degrees. It was suggested 
that the diameter of the fovea was involved in these results. However, the majority of 
their measurements lie in that range of angles for which the human eye is a poor optical 
instrument, adding significant amounts of blur to an already small image (Campbell and 
Gubisch, 1966). It is therefore important to consider here the possible influences of 
visual acuity upon size-constancy measurements. 

If the human eye were optically perfect, its retinal images would be exact but reduced 
reproductions of observed objects; sharp edges in the external world would remain equally 
sharp as images. Because the eye is imperfect for even small pupil diameters (Arnulf 
and Dupuy, 1960; Campbell and Green, 1965), the abrupt edge between black and white 
becomes blurred into a smooth transition which makes location of the original boundary 
impossible. The curves of Figure 1 demonstrate this effect. They represent retinal 
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light distributions arising from rectan i imilar 
gular white bars on a black background, Si 
to the planks used by Joynson e " sults O 
Carpbélland Gubisch (one) et al. The curves were calculated from the re 
It is a physical consequence of blur that the shapes of the transitions from white imag? 
to black background are practically independent of bar width, up to the widest ones 


es corresponding to white bars of widths I, 4, 10 and 20 minutes 
ground. Observer is refracted perfectly with a 4 mm. diamete 
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that is, if the images are slid sideways until the edges which caused them are made to 
coincide, the sigmoid curves denoting the drops in image illuminances will also coincide 
Íor all but the smallest bars. 

The presence of indistinct boundaries on a perceived object poses a difficulty to 
someone trying to estimate its size. Is the object's edge assumed to be wherever retinal 
image illuminance exceeds 50 per cent. of its maximum? Or is the criterion closer to 
5 percent.? If one can assume this kind of a "threshold" criterion at all, it is immediately 
Seen that blur will add a fixed amount to the perceived size of a target as a consequence 
of the regularity of the curves in Figure 1. Stated differently, the percentage over- 
estimation in judging size from a blurred image will decrease with increasing size of the 
object. An infinitesimally small object, as a star, generates a finite image on the retina 
and will have its size infinitely overestimated. An object greater than one or two degrees 
in extent is relatively unaffected by blur and will be estimated as accurately as the 
judgement criterion permits (Epstein, Park, and Casey, 1961). . 

The final results graphed by Johnson, Newson and May agree perfectly with the 
present assumption that the estimated size of a small target is too large by an amount 
in fixed proportion to the optical blur present. By this hypothesis the relation between 
overestimation and true size is hyperbolic; indeed, when the target's true size is divided 
into 5 minutes of arc their final points are fitted well, as shown in Figure 2. The open 
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optics enter into the results. The concluding figure of Joynson, Newson and May appears 
to be a vivid illustration of the point. 
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«SLOPING WATER” AND RELATED FRAMEWORK 
ILLUSIONS: SOME INFORMAL OBSERVATIONS 


BY 


N. F. DIXON and P. M. DIXON 
From the Department of Psychology, University College, London 


A series of uncontrived experiences of a som i 
E ed e b ewhat unusual kind, encountered i 
sailing, have brought to light some framework illusions which may not be e ane aate. 


people. 
‘The “experimental 
which, having grounded, begins to I 


feature of the situation is that as it 
Observations over periods of up to 12 


may be summarized as follows :— 
(a) The increasing phenomenal visual list or movement out of the vertical of normally 
vertical components of the yacht's interior lags behind the real list as indicated 


by an inclinometer fixed to the bulkhead. 
(b) Reference to the inclinometer while possibly 


the phenomenal visual list. 

(c) Knowledge that the inclinometer is a simple and reliable instrument (a weighted 
arm pivoted above à quadrantal scale) does nothing to reduce the illusion that 
it is the pointer itself which is moving further and further out of the vertical, 
i.e. approximately 30 per cent. of the list is phenomenally imputed to one of the 


only true verticals left in the immediate environment. 

(d) When a state of equilibrium has been reached with a constant list of anything 
from ro? to 45? out of the vertical, there occurs a progressively decreased 
phenomenal list. Things maintaining a true vertical such as hanging coats and 
other people appear markedly displaced from the vertical (Koffka, 1935). It is 
possible that the Honi phenomenon (Wittreich, 1959) operates here in as much 

as people known to one appear more vertical than dogs and other objects. 

(e) Moving about in this environment is more difficult than it should be, due 
presumably to the misleading visual frame. It is interesting that postural cues 
both gravitational and kinaesthetic do not, even when one 1s moving about, 
overcome the illusion that actually sloping surfaces appear more vertical or 


horizontal than they should be. 
ountered is the appearance of the water 


(f) Most striking of the various illusions enc 1 : 
urface extending from the cabin floor on 


which has entered the cabin. With its s 
1 on the other, it appears to be steeply slanted 


one side of the yacht to deck leve t 
upwards. So powerful is this effect that observers expressed surprise at the fact 
mediately slide towards the floor. 


that a match dropped on the water does not im 1 l 
It appears as if glued to the surface. Deliberate consideration of the fact that 


water inside a stranded yacht, like water anywhere else, finds its own level does 

nothing to alter this illusion. ]t is a convincing example of the prepotency of 
the phenomenal vertical over knowledge of the true horizontal. 

(8) After a period of 6 to 10 hr. the real environment returns once more to an "even 

that the total time spent in à tilted environment exceeds 

there are no discernible after 


keel" Despite the fact tota e 
h list is decreasing, 
posite direction. 


that of the time during which z f 
effects. Verticals appear vertical and not tilted in the op 


" situation is that of being in the cabin of a deep keeled yacht 
ist with the receding tide. An added and interesting 
lists the yacht slowly fills with water. 

hr. made by two and in some cases three subjects 


occasioning anxiety does not increase 


DISCUSSION 
Judging f. i rations, the subjects in this “experiment” might be regarded 
as highly DG EP dcbet y (Witkin el al., 1954) in that their judgements of verticality 
and horizontality were primarily determined by the visual frame. tis perhaps significant 
that the situation is one which invites a feeling of helpless passivity, a waiting for events 
(the flood tide) over which the subject b: This state of affairs is consistent 
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i 7 nality factors 
ith the relationship found by the aforementioned workers between perso y F 
wit] "es 
i cy. i ; S ^ ex otiva’ 
a poe Ico -— restitution of the a is to pine bem eee 
: i i h of the illusion was a 
" However, no difference in the strengt S t that th 
by d subsequent occasions upon which it was observed, despite TERE A Boat 
at Gecasion was considerably more Se d A ue b UM is a question 
in the mud and half full of water, would react to a re ng t d. Agatti B 
toe of depressing speculations until the event has been a eee apu 
3 pears to make little difference as to whether the experience — Wuabpec c Mem 
x on a shoal in open sea, despite an appreciation in the latter case 
the weather can cause a yacht to break up before floating. jeciütal is not, oa 48 
Possible support for the view that slow listing out of the vert ud patentiga WHO 
productive of anxiety comes from observation of a large dog of n oa extreme 
witnessed each occurrence. On the occasions described, this Subject eT ent ando 
anxiety but, in a number of "control experiments" carried out in a su seq 


a rs an ined calm 
robust vessel which did not fill with water when listing, the same animal remai 
and self-possessed. 


r "m sight of large 

We would tentatively conclude that as for Pavlov's dogs it 5 Te PER d not a 
quantities of water in the wrong place which is really productive o ca 4 experience 
discrepancy between visual and postural frames. Whether the anomal 


en ion th 
ermination in a mes 
econciling our observations with data from studies b^ 1946), 
aniseikonic lenses, In perimental situation, it has been reported ie ' static 
that, while the wearer of i es may see a horizontal lawn tipped up, 
water appears level and f 


. jelded bY 
Evidently the interior of a tilted yacht confers an illusory impression not yield 
aniseikonic vision. 
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A COMPARISON OF TWO FLASH AND TWO CLICK 
THRESHOLDS IN SCHIZOPHRENIC AND 
NORMAL SUBJECTS 


BY 


P. H. VENABLES 
From the Department of Psychology, Birkbeck College, University of London 
flashes and paired clicks were compared. It was 


igher click thresholds than normal 
two click thresholds tended to be 


'The thresholds of fusion of paired 
found that schizophrenics tended to show relatively hi 
subjects and in the most deteriorated schizophrenics 


higher than two flash thresholds. 


INTRODUCTION 


Wells and Kelley (1922) reported that dementia praecox patients showed a relatively 
longer reaction time to auditory than to visual stimuli as compared to a group of normal 
subjects. This finding was replicated by Venables and O'Connor (19594) who showed that 
in the most ill patients, reaction time to sound was absolutely longer than to light. Whether 
or not there is an inversion of the usual modality order in reaction time is undoubtedly a 

ty of the stimuli in 


function of the relative intensi the two modalities and additional 
evidence for a relative deterioration in efficiency of functions involving the auditory 


modality is required. 

The threshold of fusion of paired flashes which may tentatively be thought of as a 

measure of cortical reactivity has provided reliable results in work with schizophrenics 

(Venables and Wing, 1962; Venables, 1963). Furthermore, unpublished work has shown 
ficant alteration in 


that in contrast to critical flicker fusion threshold there is no signi 
foot-lamberts. It 
usion thresholds for paired 


two flash threshold over a range of flash intensities from 50 to 2,000 

was therefore decided to carry out an experiment comparing f 
stimuli in the auditory and visual modalities in order to find whether the results on 
reaction time could be repeated with another form of task. 


METHOD 


Apparatus and procedure 
sec. 


Paired stimuli, either flashes or clicks, 
sec. to the nearest 


M op ld b ied betw and 155 milli 
he i pulse interval could be varied between 2 anc ; t 
millisec, nor the production of flashes the pulses were applied to the grid of a Ferranti 
CL 66 cathode ray tube. This tube has à white phosphor with a decay time of 5 psec. 
The flash intensity used was approximately 250 foot-lamberts. The light source had a 
visual angle of 1°8° at a viewing distance of 4ft. Flashes were viewed binocularly. 
A fixation patch of 0125 foot-lamberts intensity was provided by the edge ilumination 

of a perspex block placed in front of the tube face. ad 
_ Clicks were produced monaurally by applying the o'I millisec. pulses across mo 
piece of a pair of moving coil headphones. Preliminary experiments suggeste glin - 
fusion threshold was independent of intensity provided the click intensity was not large. 
A pulse of ro volts amplitude was used in the work reported, this gave a click which DE 
approximately 60 db. ab hold. Owing to the difficulty of measuring click 
intensities it is not easy to be a! te in statements of magnitude for these sounds. io 
Testing was carried out in à quiet, completely darkened room. The subject reporte 

imuli pressing à button once or twice. "Threshold 
ified form of the constant method described in Horn 
in the following order: (1) clicks to 
(6) clicks to 


were produced by pairs of pulses, o1 milli: 


and Venables (1 h 

964). Thres 
ee ear; (2) clicks to right ear; (3) flashes; (4 
eft ear, 
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Subjects 


i Ti mbers 

Twenty normal subjects, 11 men and nine women, were tested. They E 
of the artisan nursing, medical and auxillary stafis of the hospital in which che P 
was carried out. The mean age of the normal subjects was 31-9, SD 10-9, years. 


> remainin 
satisfactory thresholds of fusion to be determined. The mean age of the eum. 
35 subjects of whom 25 were men and ro women was 47:3, SD 8:9, years, they They had 
older (p < 0-01) than the normal Subjects, but were all under 58 years of age. © tient) 
all been in hospital for more than 2 years and could therefore be considered chronic Pe lizing 
their mean stay in hospital was I41,SD 5:8, years. No patient was receiving tranquiliz 


4 ure 
The schizophrenic Broup was sub-divided into five groups on the basis of a Ree by 
of “deterioration,” This was measured by items 1 and 5 of the scale descri 
Venables and O'Connor (1959b). Each patient 
reliability of the measure was o-88, 


RESULTS 


therefore 
Two measures were available for each threshold, and reliabilities were ee 
calculated, They were, for two flash thresholds; 0°93 for the schizophrenic Mp the 
9:93 for the normal data. For mean two click threshold, reliabilities were, 0'91 means 

i i nal data. The click thresholds were y 4 data 
differences between Cars are the subject of a later paper. T tion O 
5 were the means of two measures used above in the calcula chizo- 
gan two flash threshold was 83:8, SD 27-8, millisec. for the schi? 
phrenics and 85:6, i 


lick 
30:2, millisec. for the normal Subjects. The mean itor the 
threshold was 52:5, SD 42-6, millisec, for the Schizophrenics and 34:0, SD 30°5, 


a ices 
cither of these thresholds. The apii 
uditory and visual modality was calculated for each ailliseC- 
izophrenics the mean difference was + 31-3, SD 33:1, "hash is 
O —38 millisec. A Positive figure indicates that two ewi 
higher than two click thresholds. For normal subjects the mean threshold diferen e 

; i +94 to +11 millisec, The difference betwee 002): 

threshold differences for the normals and schizophrenics is significant (¢ = 2:47, P < roups 
i iance between schizophrenic sub-8 The 

1 : ‘nificant effect (F — 414, p <o-o1, d.f. 4130): nsec. 
least deteriorated schizophrenics had a mean threshold difference of 4-504 Dent 

which did not differ from that of j The most deteriorated pa click 

had a mean threshold difference of — 34 millisec. The relation between flas " tion 
threshold difference and deterioration was linear and could be expressed as a corte © an! 
t deterioration might be related to lated 

cen it and these variables were cars 5 


jon 

: elatio 

E t was found to be — 9. . The partial corre!” iq 

between deterioration and flash-click fee (08, ap 5 


constant was found to be —0-48 (5 < oor). Th view of the diflerencc in Ag o 
normal and schizophrenic 8roups the Correlation between age and flash-click e 
differences was calculated, and it was found to be o-18 (NS). Age may thus be pres ud 
to be an unimportant factor in the results reported where no abject was over 58 Y 
old. : 


son CY 
The results show that schizophrenic Pathology appears to involve a relative deficie™ 
in performance involving the audito ity. xtent 
Other data are available which Support this Contention to a greater or lesser € gs f° 
Zahn, Rosenthal and Lawlor (1962) describeq Work on the GSR orienting es CHA the 
auditory and visual stimuli in normal and Schizophrenic groups. Examination 
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Dese which they presented shows that the basal log conductance level during the series 
that ime was greater with visual than with auditory stimuli in the schizophrenics and 
A te reverse was the case with normals. 
E E peer pattern with reaction times to that found by Venables and O'Connor (19592) 
2 kened in a study by Sutton, Hakerem, Zubin and Portnoy (1961) in which there was 
patients, endency for RTs to be faster to light than to sound in chronic schizophrenic 
KA Hi stanly and others which were reviewed by Sutton and Zubin (1963) all show that, 
wasa li vri e subjects, reactions to sound stimuli are impaired if the previous trial 
etwe ght, whereas reactions to visual stimuli however preceded do not yield differences 

S en patients and normals. 
shoy pain (1964) in a study of eyelid conditioning 
wn better conditioning to a visual CS than to an au 


— in normal subjects. E x 

who final suggestive piece of evidence is that of Abramson, Jarvik and Hirsch (1955) 

lig e epe that simple RT to sound is impaired by the use of LSD-25 while simple RT to 
s not. 

NU c investigation of relative modality i 
© better understanding of the schizophrenic process. 

ousdon, Surrey, by kind permission 


in schizophrenic and normals has 
ditory CS in schizophrenics and the 


y impairment on men and animals should 


of B work was carried out at Netherne Hospital, C 
r. R. K. Freudenberg. 
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APPARATUS NOTE 
A SIMPLE AID FOR RECORDER CHART ANALYSIS 


BY 


J. A. M. HOWE 
From the Psychological Laboratory, Cambridge 


Purpose 


The data from many psychological experiments are recorded as displacements na 
pen across a moving paper strip. Quantification of the information contained is a tim ó 
consuming process and is extremely tedious when a large number of measurements have 
to be taken. Inaccuracy in measurement may result; research progress is delayed, ES 
the thought of having to carry out such analysis may deter an experimenter from pure 
a particular line of research. The spread of computing techniques may evening 7 
reduce this problem to manageable proportions, but the necessary apparatus is at pres j 
expensive and cannot be directly applied to the processing of certain data, e.g. the reco! 
of eye position obtained by electro-oculography the 

To facilitate the Scoring of a large number of chart records of eye movements, 


R M s e 
apparatus shown in Figure r was constructed. It is inexpensive and can be assembl 
Y a competent technical assistant. 


FIGURE 1 
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Design 
The instrument chassis consists of a sheet of 16 gauge dural plate, folded to provide 
a working surface at 30? to the horizontal and mounted on a baseboard. A detachable 


ide of the plate at each end, slots being cut in the plate 


roller is mounted on the under si 
to allow access of the chart to the rollers. A perspex bar is located between ball races 


Screwed to the surface of the plate and is free to slide up and down. The ball races are 
fitted with rims which engage with slots cut in either edge of the perspex bar. The 
Cursor can be moved freely to any position, and a metal rack attached to the upper end 
of the bar engages with a pinion which is secured to the shaft of a precision potentiometer. 
This is connected to the meter, which is calibrated in suitable units. The circuit diagram, 
Figure 2, indicates the connection of the components, the remaining ones being mounted 
on the vertical front plate of the apparatus, the “balance” potentiometers flanking the 


“set gain" potentiometer and the on-off switch. 


FIGURE 2 


Set balance 


ance — — ——3] 


100 


9v 


T 
ae 


100K 100-0-1005A 
9v set gain 
100 
— 
(a | 
Set balance 
Method of operation — N 
i i ti he zero reference lines tor a rials. Itis then woun 
ui cee a vp deed oa cross beneath the perspex bar to the left- 


: chine and fed a 
on to the right-hand roller of the machi: Ace one channel of information the components 


hand roller. If the charts have more 1 ler 
i t width as it is wound through to synchronize the position 
pi gau imei: ER whole of this preparatory procedure 


at whi ements are made (in many cases the y p: 
puma fo a N: The perspex bar is located in a centred position by means ofa 


spring- catch, and differential ageing of the supply batteries can be com- 
E m Led oes the balance controls to zero the meter. The cursor is then pushed 
along the bar until the hair-line on it corresponds with the zero of a calibration trace, 
recorded on the chart by introducing a known signal at some time(s) during the experiment. 
By moving the bar up oF down from this zero until the hair-line is adjacent to the 


f duced by this known signal the gain of the electrical part of 
displacement of the trace PPS SRA of the set-gain control until the meter reading 


ed pu [s b our calibration displacement. Movement of the bar rotates 
by means of a high precision anti-backlash gearing the 1K potentiometer which gives an 
Sieeicakans lees E cela post unknown displacements, and an important 
sate af eum nto I i ee. Gu id 
Et Aer p cM a 
cp n Sc Pp pop depre 


direct] ter scale, eliminating conversi 
recorda, a eat re e The accuracy of the apparatus is dependent 
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upon the precision of the rack and pinion gear assembly, and the resolution and linearity 
of the potentiometer and meter. (By replacing the meter with a digital voltmeter, errors 
in reading can be eliminated and resolution can be increased.) However, given that 
good quality components are used, the final resolution will depend upon the thickness 
of the trace. 

This apparatus can be used to process the data from many different types of experiment. 
It is not restricted to the analysis of eye fixations although it was specifically developed 
for this purpose. It can be used with charts of different widths, and the main limitation 
is that only y-axis measurements can be made. However, it would be possible to construct 
a second machine with the perspex bar along the chart for x-axis measurements. 


This device was constructed while the writer was supported by a D.S.I.R. Studentship. 
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BOOK REVIEWS 


New Horizons in Psychology. Edited by Brian M. Foss. London: Penguin Books. 
1966. Pp. 446. 7s. 6d. 


When 21 authors contribute short chapters to a popular book on what’s new in 
psychology the result may too easily be unco-ordinated, repetitious and uneven in content 
and style. Brian Foss’s book is none of these. With considerable editorial skill he has 
brought together a team of British psychologists whose papers on subjects ranging from 
social psychology to electrophysiology provide an absorbing ''action picture" of modern 
psychology. 

The scope of the book ishuge. Separate chapters cover learning theory, behavioural 
genetics, invertebrate behaviour, selective attention, creativity testing, small groups, 
cross-cultural studies, behaviour therapy—and much more. The book is divided into 
five sections containing related topics and this together with a well written commentary 
by the editor gives it a reasonably systematic plan. The chapters are similar in their 
design, each beginning with a survey of past work in the field and taking up a more 
detailed discussion of recent experiments and ideas. 

Most authors have wisely avoided trying to be exhaustive and have chosen to 
discuss a few aspects of their subject at fair length often with particular emphasis 
on their own work. Gregory for instance in his chapter on visual illusions considers 
early theories of the illusions and goes on to talk about his own version ot the 
“perspective theory” in the light of new evidence from E tusiga figures. W aon z 
chapter on reasoning consists largely of an account of two fascinating experiments o 


is ivati les in abstract problem solving. Dixon discusses sub- 
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Eye and Brain: The Psychology of Seeing. By R. L. Gregory. London: Weidenfeld and 
Nicolson (World University Library). 1966. Pp. 254. r4s. 


This book encompasses a number of topics classically subsumed under the fuae 
tions of visual perception, physics of light, neurophysiology, art, and zoology. AEBouse 
at first glance it might appear that such diversity could not logically be treated under a e 
same heading, the author shows, expertly and delightfully, how a consideration of E 
basic process of seeing must, in fact, encompass a wide variety of topics. ludos , 
Gregory's approach has been to ignore traditional classification schemes and to de xs 
into the process of seeing without regard for the usual artificial distinctions betwee 
sensation and perception, zoology and psychology, physics and physiology. The ee : 
is delightful. Gregory treats, in a most readable style, the phy of light, i pou 4 
and physiology of the visual system, evolution of the eve, brightness, motion and co pi 
perception, visual illusions, art, perceptual learning, and some problems of vision in space, 
with an imaginative and eclectic approach. d 

The initial impression made by this book is the high quality of the skilfully popa 
and elegantly presented art work. The text contains more than 100 figures, diagram 
and photographs, some of which are printed in high quality colour. For the first e 
the reader of the visual literature is treated to a text in which an attempt is e 
utilize the full capacity of the human visual System, including colour and stereo, 1n > 
elucidation of the visual process itself. A number of the illustrations are original "ing 
make an impressive contribution to the literature in addition to their value in clarify 
and amplifying the text material. 


s O 
T E p and 
motion perception. The chapter on “ 


illustration of the entire book, 


pits 
awareness which Gregory exh 
logical continuity with philos Ph s 
al perception is essentially a topic wh 
hroughout recorded history. Unfortu 2 
cedents which are necessary for a mon phy. 
art. Gregory's familiarity with. per and 
S his knowledge of the Gestalt literatu 

r and value of this book. tion- 
The reader should be warned, however, that this is not a textbook in vision or percep pile 
Some topics which usually appear in such textbooks are not mentioned at an sts of 
others are given special treatment depending, no doubt, on the particular intere A 
the author. The experienced reader will notice some unevenness of treatmen’ nis 


e 
number of Statements are made for which no references are given. These ede 
are not meant as a criticism in view of the objectives of the book and the excellen avoid 
which the included subject 


7 ] matter is handled. Rather, they are mentione 
disappointment on the part of those who expect a formal textbook. 
In summary, this book 


readers at all levels of experi 
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Vision and Visual Perception. Edited by Clarence H. Graham. London and New York: 
Wiley. 1965. Pp. vii + 637. £9. 

This book is in no way novel or startling. It aims at providing “a useful listing of 
topics which should be discussed in a general coverage of vision,” and “to stand as a point 
of departure for an understanding of ensuing developments." The phrase “a general 
coverage of vision" is perhaps a little misleading for a book which does not mention 
developmental, learning, clinical or, with a few exceptions, animal behavioural studies. 
The point of view is that of the psychologist concerned with the normal functioning ot 
sensory and perceptual mechanisms in the adult human. 

The chapters are: Riggs on Light as a stimulus for vision, Electrophysiology, and 
Visual acuity; John Lott Brown on the Structure of the visual system, Brightness 
discrimination and contrast (with Mueller), Flicker, Colour contrast and constancy (with 
Graham), and After images; N. R. Bartlett on Absolute thresholds and on Dark and light 
adaptation; Hsia on Photochemistry and on Colour blindness (with Graham). The 
editor, C. H. Graham, contributes two introductory chapters, later ones on Discriminations 
that depend on wavelength, Colour mixture and colour systems, Colour theories, and three 
final chapters on Space, Form and Movement perception. 

This book will be useful to researchers, teachers and advanced students. The chapter 
on acuity js a beautifully organized summary ofa confusing field. It is good to have 
extended treatments of after images and of flicker, including some of the recent work based 
on the Fourier analysis of the stimulus. Almost every chapter contains some unfamiliar 
references, but often the coverage is not quite as up-to-date as one could wish, doubtless 
because the book has taken 12 years to produce. There are some curious omissions. 
For example, there is no mention of the autokinetic effect, the spiral (or water! e I 
effect, binocular rivalry, artificial di- or monochromatism m Mum e to bright lights, 
or small-field dichromatism. There are few itm way. The authors have 

lhe various topics are in general treated in the t : ke de being e Hill 
done well what they set out to do, and therefore this reviewer feels ei g 

M disappointed that they had not 


i i e W: dly 
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ticae on aduer t of the "schools of psychology" approach, 
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and after images, is not mentioned, although some of the experiments on which it is based, 
and some closely related ideas, are described. g i 
This review has been written on the assumption that reviewers should criticize. : The 
book does maintain a high standard of accuracy and of comprehensiveness within its 
chosen field. There is more in it to praise than has been indicated here. One's regret 
is that it does not provide more new insights. PAuL WHITTLE. 


The Critical Flicker Frequency Series Effect. By Károly Akos and Magda Akos. 
Budapest: Akadémiai Kiadó. 1966. Pp. 245. 


This monograph describes a technique which consists of obtaining a series of 50 
successive descending judgements of CFF. The form of the fluctuations in this series 1S 
found to vary considerably between individuals but to be more or less repeatable for any 
one subject. It is suggested that this "CFFSE" may be a useful clinical tool. 

PauL WHITTLE. 


Curiosity and Exploratory Behaviour. By Harry Fowler. London: Collier-Macmillan. 
1965. Pp. viii + 216. 15s. 


This book is one of the first titles in a new paperback psychology series. Itis intended 
for undergraduate use and is divided into two sections; the first third of the book is a 
review of the current state of information on exploratory behaviour, while the remainde 
is devoted to a selection of original papers. 

Fowler's review section begins with a rather general discussion of the natur! a 
explanation in psychology which could have been omitted with advantage. Most un e 
graduates are over-exposed to this sort of argument, and in this case the exposition ? 
neither satisfactory nor elegantly phrased. The remainder of the review is, howeve 
thorough and thoughtful. Fowler begins by considering the basic empirical facts abou 
exploratory behaviour and then develops the “empirical tenct” that all exploratory 
behaviour can be treated as a response to changes in the complex of stimulation. - 
then goes on to theories of exploration, distinguishing between those based on curiosity 
and those based on boredom. The attempt is then made to fit both of these types 9 
theory into something like a Hullian framework, with boredom functioning like m 
ordinary appetitive drive, increasing with deprivation, while curiosity is developed as @ t 
incentive motivation on the basis of fractional anticipatory goalresponses. The attemp 
is ingenious and interesting, but it is not, I think successful; it fails in particular ove” ple 
lack of empirical support for the boredom drive and the difficulty in specifying @ credi E 
goal response. Considerable space is also devoted to the discussion of optimal level ke 
stimulation accounts of exploratory behaviour, in particular those of Berlyne and Fis $ 
and Maddi; the discussion and criticism is illuminating and clear. Indeed the reve 
as a whole, treats the subject at a level well above that of most such introductory pape 


backs and can be strongly recommended to undergraduates, or indeed anyone eub 
about curiosity. ji 


The selection of readings is careful and catholic. 
of what has been omitted; but, although there are a number of papers whi 
like to have seen included, this would have meant omitting some of the presen 
and I do not think that the result would have been an improvement. There is, ho 
a further point. The reprinted papers must account for a large proportion of the T 
of the book, and their presence therefore requires justification. The usual pus 
that the original papers are widely scattered or largely inaccessible. But all but or and 
the papers in this collection were originally published in The Journal of Comparative "^r, 
Physiological Psychology or The Psychological Review, and all but two since 1953: hen 
seems to me that there is very little excuse for collecting these papers in this way W^ 
they must be accessible to any undergraduate. M. S, HALUIDAT" 
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Psychiatrie Animale. Edited by A. Brion and H. Ey. Paris: Desclée de Brouw? 
1964. Pp.605. 480 FB. 


af 

The fundamental question this weighty tome—over 600 pages, over 37 contributo, 
poses is—can there be such a thing as animal psychiatry? In pursuit of the answa be 
are presented with a vast amount of information, some of it relevant and some, it mu io 
admitted, irrelevant, on such diverse topics as the origins of ethology, the m¢ 2 ind 
bases of sleep, the effects of cerebral lesions, bird migration and the problems of E two 


circus animals. The contributions vary vastly in quality, some being a mere page ? 
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usua " " 
Notable ERES and nar shoy reviews with useful bibliographies. 
a lao-feadv a ie se are | hertok's account of animal hypnosis, marred though it is by 
honek > reliance on psychoanalytic concepts, Delaveleye’s chapter on bird migration 
bibhosra m these sufler from being less up-to-date than one would wish, since the 
the do ap appear to close at 1959) and Chance's reasoned statement of his theory of 
t lonary importance of epileptic phenomena. Much less satisfying are the 
Bine and overtly anecdotal treatments of various aspects of allegedly abnormal 
and pene m animals, and the sections on experimental neurosis, both from the Russian 
appears ‘ats schools, are frankly disappointing. The section on behavioural inheritance 
experime E equate selective breeding studies with McDougall's famous Lamarckian 
viewpoi d , and the chapters in the first section of the book dealing with the various 
Adfhore oo in ethology are too superficial to do more than introduce the reader to thé 
of the > concemed; An exception 1s Létard, Favreau and Fontaine's brilliant summary 
Rp da istory of man's view of animals, and, in the same vein, Ellenberger compares a 200 
& psychiatric hospital. 
Fo hr ee much of this work \ 
can onl ye his very readable contribution 
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on Reaction. By R. Lynn. International Series of 
1 Psychology, Vol. 2. Oxford: Pergamon Press. 
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responses with which the Russians are working—i.e. any response which is elicited by 
novel stimuli, irrespective of modality, and which diminishes and disappears with repeated 
presentation of the stimulus. In a similar vein, one might complain that the book does 
not sufficiently bring out the sheer importance of the topic with which it deals. Thus 
the evidence suggesting the operation of a cortical inhibitory system in the habituation 
of the orienting reaction (which Dr. Lynn presents very clearly) has far-reaching implica- 
tions for the study of learning in general; unless we are to suppose that such a sensitive 
mechanism as this appears to be is simply not used for more complex forms of learning. 
Similarly, the much greater specificity of habituation of the orienting responses to the 
characteristics of the stimulus than is the case for conditioned responses must have 
important bearings on problems in the study of perception. On a more detailed level, 
it seems very likely that Western controversies over the nature of sensory preconditioning 
can be resolved by the realization that this phenomenon is a form of conditioned orienting 
behaviour. And, in quite another field, it seems possible from the work of Luria and 
Homskaya that some insight into the effects of lesions of the frontal lobes can be gained 
by Considering this section of the cerebral cortex as being part of the system for descending 
cortical control of the orientation reaction. : 

However, these criticisms should merely serve to emphasize the need for a clear 
Presentation of the basic facts uncovered by the Russian research; and this need Dr. Lynn 
has supplied extremely well. It is to be hoped that his book will be widely read. 

JEFFREY A. GRAY. 


Sex and Behavior. Edited by F. A. Beach. London and New York: Wiley. 1965. 
Pp. xvi 4- 592. 758. 

The past decade has witnessed a striking liberalization in atti əs towards matters 
relating to sex and its associated patterns of bxhimvionz. In oS irn the arts have 
undoubtedly played à leading role in stimulating a general awareness of the social problems 
involved, but the impact of scientific discovery, particularly in the realm of contraceptive 
procedures, must give rise to thoughts as to whether a code of ethics based on the precept 
that sexual and psychological compatibilities are so highly correlated as to form e 
satisfactory basis for permanent association between two individuals is necessarily 
appropriate for the society of the future. A first line of enquiry must be to determine 
the nature of sexual relationship within the human Species for, as has been so clearly 
demonstrated by the work of Beach, of the late W. C. Young and of others, sexual activity 
comes with ascent in the phylogenetic scale, to be dominated less by endocrine and a 
by social factors and so to pass from the realm of innately organized to that of adapti” 


panama . The result of a concerted attack on this problem published in 1948 and 1953 
y the late Alfred Kinsey and his colleagues, essentially based on enquiry into th 
behaviour of male and fem. d 3 Noi i 
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with the study of primate behaviour, however, will be papers by Sears and by Romney, 
who take a look at some of the factors leading to the sex-specification of human behaviour; 
by De Vore, extending the earlier observations of Zuckerman and others on the dominance- 
subordination relationships of captive baboons to the free-ranging situation; and the 
careful analysis bv Harlow, based on a comparison of animals reared in the wild and in 
captivity, of the development of sexual behaviour in the rhesus monkey. Davenport 
provides a fascinating study of the regulation and ritualization of sexual relationships 
in a Melanesian community while, at the level of the individual, the physiology of the 
coital aspects of human reproduction is explored in astonishing and unexpected detail 
by Masters and Johnson using methods of measurement which are not revealed in their 
communication but which have since been fully published in book form. 

These few chapters by no means exhaust the interesting material contained in this 
volume and another reviewer might doubtless have selected differently from topics dealing 
with the control of endocrine secretions and their action upon the nervous system, the 
environmental control of reproductive behaviour and the evolutionary and genetic aspects 
of the subject. The book is beautifully produced, well illustrated and at its price of 
758. good value although, as with all publications based on multidisciplinary symposia, 
the purchaser will provide himself with much material of but peripheral interest to him. 
It is excellently edited though some may agree with the writer that the inclusion of 
semi-verbatim reports of verbal exchanges between participants is of greater value to the 
participants themselves than to the world at large and could well be replaced on 


publication by paragraphs summarizing the salient features of their content. 
m J. T. Eayrs. 


troduction to the Theory of Directed Graphs. By F. Harary, 


, s: An I f 
nes cg" n London and New York: Wiley. 1965. 


R. Z. Norman and D. Cartwright. 
Pp. ix + 415. 755- 


The words “structure” and “model” 
the social sciences, the former referring to t 


elements of some system, and the latter usually r i [ 
postulates concerning some aspects of the system. This book uses the term "structural 


i inni iti d axioms about an 
model," in the beginning at least, to mean a set of definitions an! 

abstract system (structure) of points and lines called a linear graph, and develops theorems 
about these structures. The mathematical terms introduced can be given à variety of 
empirical meanings, but the authors are careful to mention the perils of translating the 


i i i first requirement for such a 
language of graph theory into that of social relations. The r er A 
ion is nA unambiguous procedure for identifying empirical entities xm e 
abstract elements, and only then would the Dia m yee be rie oop nee = eus 
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the em l world. In this sense the structural model 15 i l 
of suck ere hens is a logical validation because of the assumed isomorphy between the 
i a al n These statements clearly have a certain 


linea he empirical situation. nts ser 
eC SUSAN, gts this type of model becomes predictive only when an. 
Postulates a made about the empirical system apart from the formal properties o 
linear graphs The model then possesses the “virtue of fallibility" in that its adequacy 
Can be determined empirically. 

In the first chapter an axiom 5 
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; : S 
“joined” together. These concepts are used to characterize the punte "epe 
and in determining a minimal set of points which can reach all the points o 1 UNS 
Interwoven into this considerable body of definitions and theorems are many sugg NE 
concerning the applicability of theory to empirical situations. hus if * ede A 
interpreted as a rumour network, points representing people and the HoR D fae 
meaning “person u transmits the rumour to person v," then one can deter ei 
instance, whether the rumour would reach w if planted with u, or which is the sr S es 
set of people with whom the rumour must be planted for it to reach everyone ir 
network. 1 : 3 
Chapter 5 should prove very useful to many investigators because it ec Tq 
discussion of the relationship between digraphs and matrices, and indicates ligraphs. 
exploiting matrix algebra, and hence computers, to obtain information mer UA oa 
In Chapter 6 the concept of distance is used to define the compactness of a digra P. Ege 
the relative centrality of its points. We are told of experiments on five-man gro CE 
which the estimated relative centrality of a person was found to be related to Tis E»: án 
of being selected group leader and to his morale. An index of the relative up a 
individual in a sociometric group is also defined and this index is moditied ex ee 
measure of "prestige." The next three chapters consider the susceptibility ofa s e 
to the removal of some of its lines or points. In the empirical world this could UE 
to studying the destruction or malfunctioning of a community when certain pp ee 
are broken or when certain people are exterminated. In Chapter to there is a dis decline 
of digraphs in which the points can be assigned numerical values, and a welcome 
in the ratio of definitions to theorems. 


: ; à sa cde x md ich there 
Chapter 11 is one of the more interesting chapters; it discusses digraphs in which 1 
is a line between every pair of points. 


uv and vw, for any distinct points u, v, w. It is often found that empirical structures o 
interest do not possess this property, but the concept can still be exploited if a quante 
instead of an all-or-none definition is used. Two measures of transitivity or Cones the 
are presented and there are references to other theoretical and empirical work (as Si y 
case throughout the book). It is then shown that if a “diabolical” subject deu his 
tries to be inconsistent in the preference task, it would be difficult to distinguis 


bap 
a random fashion (the authors are per 


on the values of the out- and in-deg: 


of these restricted digraphs are organized around 
known to secular empiricists as 


of a digraph are introduced. This 
instance, Heider's conception of ba. 
the final chapter other extensions 
applications to markov chains 

This book, written by 


: : : " = s. 
lance in attitudinal or interpersonal su the 
of digraph theory are considered, in particu i 
and social flow systems. tica 

i " H ma 
two mathematicians and a psychologist, is a mathe 


5 jenc& 
ate the applicability of digraph theory to the social Sl" ihe 


a glossary of the most important concepts and a list of the: 


of the proofreading and layout. 


ructu 
: A ndency to use precise definitions in his treatment of St 
phenomena is considerably reinforced. E. A. 6: Ti 


d 
: coreword am! 
Ruhleben: A Prison Camp Society. By J. Davidson Ketchum, with a Forewor sity 


5 iver 
Postscript by Robert B. MacLeod: London : Oxford University Press. {Was 
of Toronto Press). 1966, Pp. xxiii + 397. 48s. 


J. Davidson Ketchum, a young musician studying in Berlin, was caught in 
by the outbreak of the First World War and Spent 4 years as internee tose 


ny 


Germa! th 
ther V 
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several thousand other British citizens. They were confined in a camp on the race course 
of the Berlin suburb of Ruhleben—which was not perhaps so ironically named, for the 
internees did in fact live fairly peacefully. Many interesting and creative persons were 
interned at Ruhleben (which must have made conditions easier, judging by the variety 
of entertainments and activities described) and a number of them wrote about it 
subsequently. For around ro years after his repatriation, music remained Ketchum’s 
main interest, but then—possibly because of his Ruhleben experience—he turned to 
psychology and sociology. T his book was to have been his doctoral thesis, but at the 
time of his death in 1962 when he was Professor of Psychology at Toronto University, 
it was still not quite finished. A final valuable chapter by Professor Robert B. MacLeod 
brings the story up to the end of the war and tentatively sketches the sociological and 
psychological implications which unfortunately Ketchum did not have time to elaborate. 


The material is indeed rich and unusual—Ketchum writes with both the meticulous 
gist describing a strange society, and the sensitivity of an artist. 
The Ruhleben internees built a remarkable society out of the chaotic conditions in 
which they were thrown together. Ketchum maintains that “for this social achievement 
two factors were mainly responsible: the extraordinary nature of Ruhleben's population, 
and the challenging conditions of their internment. The prisoners were almost a cross- 
section of British society, from the manor house to the slum; scarcely a trade or profession 
was unrepresented. Ail were jammed together in a stable yard—company directors and 
seamen, concert musicians and factory workers, science professors and jockeys. Few 
had ever met previously; their only common bond was their British citizenship. The 
Germans, for their part, merely penned them up and left them to their own resources; 
no work was required of them, no recreation provided, no social structure imposed. As 
long as order was maintained they were free to pass the time as they wished, mingle 
together as they chose, and work out, if they could, a collective way of life that would 
make 4 years confinement bearable. The whole picture suggests an elaborate social 
experiment—careless, but undeniably intrigueing.’ 

The book is cast in a roughly chronological form. It begins with a description of the 
formative first 12 months leading to the time when “a prolix outburst of activity and 
organization turned the community into a complex society." The next 3 years constituted 
a stage of relative stability, and then in 1018, when several hundred of the older men were 
repatriated, the society began to decline. But interwoven with the narrative are 
chapters devoted to such topics as leadership and status, entertainment, government and 
politics. All are told with great detail and delicacy, often with considerable humour and 
with a wealth of illustrative material drawn from a mass of documents which Ketchum 
was able to assemble, very largely diaries and reports of camp activities. 

Despite the fact that this study has more the character of an anthropological than a 
modern social psychological study with its wealth of statistical information, the material 


i so detailed as to make it possible to draw psychological conclusions. 
EE eer us blem of morale and comes to the conclusion— 


P acLeod skilfully discusses the pro le and. he co 
a Sia been expected—that a good deal of the society's internal solidarity resulted 
from opposition to an external threat. He continues however that ''there is something 


a little more encouraging that we can learn from Ruhleben. Granted that the firmness 
of its social structure depended in no small measure on forces from without, symbolized 
by the enemy, the great outburst of creative activity bore little or no relation to the enemy. 
Ruhlebenites "became creative when, having stabilized the minimal routines of living the 
consequently eliminated sheer survival as a goal, they found themselves free to pursue 
goals that were intrinsically challenging and worthwhile. The presence of the enemy, 
inasmuch as this meant limitation of freedom to choose alternatives, was actually a 

functioned in a very real sense as a liberator.” 


facilitati . The physical cage i r 
[our ui ier Nem in the implications of Ruhleben behaviour for a theory of 


i he chance to work out systematically, 
hum: . This, unfortunately, he never had the y 
but enue Hist so many men, although sexually deprived and frequently hungry, behaved 
as creative and co-operative members of society, made him impatient of some theories 
which would give over-simplified explanations of human behaviour as a direct response 


to environmental stimuli. 
book for the study of special communities. What it 


This i dinary source i ; 
Wed f xo med kes up in graphic detail of both individuals and social 


lacks in quanti jal it ma 

ntifiable material 1 e 1 J 
activity. | It may indeed, as Professor MacLeod believes, become a minor classic of 
social science. Apam CURLE. 


accuracy of an anthropolo 
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Individual Differences. By Anne Anastasi. London and New York: Wiley. 1965. 
Pp. xiii + 301. 4os.cloth. 25s. paper. 

This most recent of the ‘Perspectives in Psychology" publications is a collection of 
31 articles and book-extracts spanning almost a century, from 1869 to 1962. The author 
has been modest in including only one article of her own in the collection; her main 
contribution lies in selecting the articles, in arranging them into a coherent pattern, and 
in supplementing them by an introductory chapter and connecting commentaries. 

,,lhe book is not a long one, and restrictions have been inevitable. The individual 
differences in the title refer only to differences of ability, and almost exclusively to human 
ability: the one chapter on individual differences in animals, whose purpose is to illustrate 
the value of selective breeding experiments, has an air of not quite belonging, of having 
been dragged in to fill an obvious gap in the human story. 

The chosen articles centre round four main themes, the measurement of ability, the 
nature of intelligence, the relative contributions of heredity and environment to 
intelligence, and creativity. Most of the contributions, if not all, are very well-known and 
many of them are classics. Galton, Pearson, Spearman, Thurstone, Thorndike, Burt, 
Cattell each makes his expected appearance: the problem in these cases has clearly been 
one of deciding which excerpt to choose for inclusion. Inevitably, a good deal of cutting 
has been necessary, and the result, in Galton's case at least, is at times a rather jerky, 
disconnected narrative which is at variance with his normally smooth fluid style. 

There is, then, nothing very new in the content of the book. What the author has 
set out to do is to put the contributions of these authors in historical perspective, and to 
trace the change in opinion from the dogmatic hereditarianism of the 1900's epitomized 
by Pearson and Thorndike, to the more optimistic environmentalism of the last two 
decades. Her own article and her editorial commentaries underline this change, and 
stress the real problem: how, with the knowledge which we now have both of genetic an d 
fish on ability, to ensure the optimal conditions for the development 
. The book 1s a useful one for a student trying to find his way through the mass of 
literature on individual differences. It is not, and it does not attempt to be, a com- 
prehensive survey of the field: what it does do is to provide the student with a manageable 
framework into which he can fit many more contributions than are even mentioned by 
Anastasi. ELIZABETH D. FRASER: 


Cognition and Thought: An Information-Processing Appro / eitman- 
£ 2 sg. roach. By Walter R. Reiti 
London and New York: Wiley. 1965. Pp. R 312. a ws 


"My main intent is not to review or surv ent of 
y o. dd ni c ey, but rather to present a treatmen 
selected topics in cognition and thought, to some extent wong the lines that Heb 


developed, but making use of the ver owerful i i etm pts an 
methods developed over the past Ferd erful information-processing concep 


The information-processing approach, w 
language within which to theorize. 
communication of ideas and as a tool for specu 
to be formalized as computer Programs so that th 
How are such program-theories tested e E 


1g of predictions is inappropriate, a program d 
the light of empirical data. He attacks t 
ional definitions, and minimizes the predict xis 
1 theories, regarding them—like informatio 
y concepts. je 
e information-processing language, IPL-V, Ene 
This language is utilized to introduce à Vus 
rocedures for handling concepts and rules, 4 
8. Newell Shaw, and Simon’s program, ing 
€ solving of well-defined problems, eg. pior aA 
But, greater difficulties arise with ill-defin 
he closing of "open" constraints, hence 


The main features of a list-structuri 
described, with details in the appendix. 
word for models of cognitive structure, p 
a low level analysis of problem-solvin 
which a chapter is devoted, simulates th. 
theorems in the propositional calculus. 
problems. Their solution necessitates t 
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multiplicity of possible solutions. This is demonstrated in the lengthy analysis of a 
composer's remarks whilst writing a fugue. We are given not a fragment of the resulting 
score—for some, a rather frustrating economy! 
An interesting chapter describes the author’: 
analogy problems. Its genealogy is evidently by Hebb out of Newell, Shaw, and Simon. 
An innovation is the active semantic network that constitutes its memory. The elements 
of this network represent entities in the real world. They are connected by various 
relations so that the “firing” of one element may lead to the “firing” of others. An 
element’s state of readiness changes with both the passage of time and the activity of the 
network itself. This activity occurs in parallel more or less independently of the serial 


organization of the problem-solving strategies. So, "forgetting," *'distractability," and 
the ability to “pick up the threads" again, are all simulated. The author rightly claims 
that this network could feature in many diverse programs that simulate cognition. 
Finally, there is an analysis of comprehension and the conversion of information into 
an internal symbolic representation. Several programs that simulate aspects of these 


processes are described, and the author's ideas make an interesting contrast with other 


current theories of semantics. 

The merit of the book is that it requires no previous knowledge of computer techniques. 
i good introduction to their use in cognitive theory. But its bias away from 
empirical predictions and findings diminishes its general psychological interest. The 
author writes clearly if somewhat redundantly. He suffers from “programmer's syndrome," 
ie. a predilection for turning statements into imperatives ("Note that . . .") and for 
excessive signposting to the contents of other chapters. P. N. Jounson-Lairp. 


s program, Argus, which solves simple 


Mental Deficiency: The Changing Outlook. Edited by Ann M. Clarke and A. D. B. Clarke. 
London: Methuen. 2nd Edition. 1965. Pp.xxi- 596. 63s. 


A number of American books are available on the psychology of mental deficiency 
but, in England, there is only one comprehensive manual and that is the one compiled 
by the Clarkes. Their first edition, published in 1958, had great virtues but a weakness 
lay in bridging the gap between the medical and educational aspects of the subject. 
In the new edition this disadvantage has been removed by an excellent clinical summary, 
in Chapter VI, of present day knowledge on the genetical and environmental causes of 
mental subnormality. There is still a fair amount of repetition in the discussions on 
problems of incidence in the community and on the principles of training. This is 
presumably inevitable in a book to which eight writers contribute and which aims to 
cover a somewhat limited field thoroughly. However, every chapter is well written and 
gives a reliable, objective and well documented account of the aspect with which it is 

incipally concerned. A 
d T m 'are one or two minor criticisms which occurred to the reviewer. In Chapter Il, 
lligence in the population, the extensive survey 


whi :oncerns the distribution of inte : } 1 
t i oerte, Marsan and Griffiths is not mentioned nor is the Scottish Survey seriously 
discussed here or in Chapter III. On p. 96, the expected hereditary likeness of first 
cousins, expressed by a correlation coefficient, Seems to be indicated as 0:25 instead of 
o-125. The tendency for psychological peculiarities to accompany specific physical 
types, such as mongolism, is considered, on p. 178, to be imaginary; but this may be 
because psychologists have so far failed to devise ‘tests which describe the characteristic 
behaviour which is clini 


cally detectable. : : i 
Chapter V, on the effects of environment, provides interesting data and should make 
disturbing reading for anyone w 


ho believed that intelligence, as commonly understood, 
; : it. The discussion, in Chapter VIII, on ability 
was an lv inborn and unalterable trait. 1 1 " 1 
to e RO mentally deficient is full of information of practical value. The last 
chapter, on adoption, gives a sympathetic and sensible account o 


f numerous difficult 
i rers i is field. 
ions *-m constantly require answers in this fie . 
uw oru is to i strongly recommended for those engaged in any branch 


of work concerned with the mentally handicapped, not only psychologists and teachers 


t : i i L. S. PENROSE. 
to whom it is primarily directed. 


Handbook of Mental Retardation Syndromes. By Charles H. Carter. Springfield, Illinois: 


Thomas. 1966. Pp- xiii + 168. $8.00. 
This book catalogues the variety of pathological conditions of the brain, which may 
è a d E 2 


impair intellectual development in children. It is a strictly medical text, and in parts 
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i a > style 
i i ati : lrum, and the sty 
i : e presentation is humd " d 
i medical terminology. The : mdrum d the; 
ps — viel it does gather together information mue ^ oen 
=i tu in thi it ' be of some use. M. Kins NE 
ep i and in this respect it may 
i rature, 
medical lite 


ert E. 
i i zdite 7 Sonia F. Osler and Robert EF 
i 7! is of Mental Retardation. Edited by Sonia es 
MAE c jmd Oxford University Press (Johns Hopkins Press). 1966. Pp 
I51. 408. l e 

Á T e a follows a current fashion. About half a dozen bmp pox ame ist, 

> ond together, provided with stiff covers and given an overall title, in e el 
are pene a coherent unity will emerge. It rarely does, and this mec they 
Ve. The editors have gone even further; through the use of the term s 


À H ibutors stick 
seem to think they have created a new discipline. Unfortunately the contributo 
to their orthodox sociological or biol 


confined to the title. Similarly 


5 ae gress 
assessment of qualitative differences within the field of mental retardation —€ Dubject. 
beyond the blurb and the introduction. None of the authors ever mentions one BU de 

apter on the extent of the problem, there is on matin 
or undergraduates who will have to write an exam e 
no other conceivable use. Then comes an iiem aw 
sociated with subnormality and a clear account ^s nonis 
in which early deprivation of photic stimulation affects subsequent behaviour of n 
but this seems irrel 
on induced mental 
written, but the material 


. c is 
dangerously misleading. The bapi 
hich are well known and à 


ave served a useful purpose if it stimulated the formation gr 6^ 
the memory of John F. Kennedy. Perhaps it is impossible e 
issile launching sites being named after him but surely there 15 
compilations on mental retardation as well. 


BraATE HERMELIN. 
Prediction of Response to Pharmacotherapy. Edited by J. R, Wittenborn and P. R. A 
May. Springfield, Illinois: Thomas, 1966. "Pp. xii + 231. $10.00. m 
This book presents the ofa Workshop on Prediction held by the Amers 
ie opsychopharmacology ; € 11 contributions by authori A 
The Orientation is mainly clinical. :dual 
the many reasons for indivi o 
four papers on the Deer can 
ar for this patient? (b) BOY ical 
useful than the classical a 
s pretreatment factors any made 
Under (b) explorations are rious 
Gestalt principles and va ters 
Next, there are two chap ads 
problems, and the pu 
n . I. Klerman, and a summary by Dr. May: , ; 
able picture 


n 
A iier a nt ! 
of the sophisticated thinking MET i 
: isin eee es UPON how to improve clinical effectiveness 
psychiatry. This reviewer is in S B e 


ES. This is followed by 
rug from many simi] 


Owever, he is forced tó conclude that since we on 
nt “our best Predictions are derived from pm gica 
7 ures. Future research will have to establish physiolo. 

or biochemical variables of predictive utility.” 
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Perspectives in Psychopathology: Readings in Abnormal Psychology. Edited by James O. 
Palmer and Michael J. Goldstein. London: Oxford University Press. 1966. 
Pp. xiii + 434. 32s. 

The aim of this book is to provide background reading for an undergraduate course in 
psychopathology. The editors have selected nearly two dozen previously published 
papers, classified them roughly as experimental, biological, social, clinical and actuarial 
and provided linking comments. Some of the papers are well known and excellent 
individually. These include the critique of twin studies of schizophrenia (Jackson), 
the Bethesda studies on psychotropic drugs, biochemical theories of schizophrenia (Kety), 
and schizophrenic patients and their sibs (Lidz et aL). The book taken as a whole 
however lacks unity and the elementary level of the editor's comments is likely to irritate 
rather than stimulate English undergraduates. SIDNEY CROWN. 


Hypnosis. By L. Chertok. Translated by D. Graham. Oxford: Pergamon Press. 
1966. Pp.xv + 176. 45s. 

The neglect and opposition that hypnosis has suffered in France, where so much of 
the early work was done, has prompted Dr. Chertok to review its historical development 
and pregent status in the hope that it may in the future play à part not only in therapy 
but also in the development of theories of mental functioning. , The clinical section is 
disappointing: the few case-histories are unrevealing, and there is no guide whatsoever 
to the frequency and degree of improvement to be expected in various disorders. The 
bogy of symptom-substitution and of development of psychosis following removal of 
hysterical symptoms by suggestion is again raised, in spite of the evidence (e.g. Carter, 
1949, Brit. med. Js 4; 1076) against this belief. The section on techniques of induction is 
informative, but useless to the novice, who will not get from this account the only thing 
he really needs, namely absolute confidence of success in his own first attempt. The 
most interesting section is on the historical aspects, where the author throws light on 
many little-known episodes. Nevertheless in spite of these criticisms this volume is 
attractively written (and translated), and is worth attention for its moderated enthusiasm 
and its resolve to integrate hypnosis into the field of psychiatry. R. T: C. PRATT. 


Psychology: An Introduction to a Behavioral Science. By H. C. Lindgren, D. Byrne and 
L. Petrinovich. New York and London: Wiley. 2nd Edition. 1966. Pp. xv + 
560. 60s. . 
The first edition of this textbook was published in 1961. It is not clear what specific 
changes have been made in this one, apart from bringing the references up to date. The 
pattern, however, follows closely that of several other recent texts produced for ee 
Sraduate consumption in the States, and reflects what might be called an attenuate 
Behaviourism. Among topics of comparatively recent interest that find Opes are 
“creativity” and psychopharmacology, though there is nothing about gee a eory 
and very little about language. Hull still rates two references but Eysenck achieves none, 
a distinction he shares with Freud. Apart, indeed, from the work of Piaget and his 
School, there is virtually no reference to any work done outside the United States. : This 
Might seem a little odd when a whole chapter is devoted to Psychology Applied to 
Problems of International Behavior." Perhaps one way to get this going would be to 
encourage psychology students to take a look at works in languages other than their own, 
not excluding English. O. L. ZANGWILL. 


Basic Contri ti to Psychology: Readings. Edited by Robert L. Wrenn. Belmont, 
nore ees. "London: Prentice-Hall International. 1966. Pp. xi + 


308. 24s. 

Fro: -list of references which he found to be common to at least four of 
the five E cos exis which he analysed the editor R. L. Wrenn selected this strange 
Collection of 48 readings. Of these, ro first appeared in the American Psychologist, 
20 in other journals and 18 were culled from books, most of which are well known and 
Teadily available. Eighteen of the articles were first published before 1930 and 23 after 
1950, 

. , Wrenn has marshalled his’ 48 pieces, 30 of which he has abridged most inexpertly, 

Into ro Chapters. For each of these he has written a short introduction which in most 

Cases is embarrassingly bad on all counts. The net result is a worthless book selling at 
© Price of half a bottle of whisky. J. R. Symons. 
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Reward and Punishment. By Frank A. Logan and Allan R. Wagner. Boston: Allyn & 
Brown. 1965. Pp. viii + 119. $2.25. 

This is one of an interesting new series of monographs (‘Contemporary Topics in 
Experimental Psychology") now being published under the general editorship of James 
Deese and Leo J. Postman and primarily intended for undergraduates. In a foreword 
the editors explain the aim of the series—namely to discuss in each volume one rather 
specialized topic, and to do this in a way illustrating methods applicable to related topics. 

In the present volume the topic is narrower than the title might imply since the 
authors deal almost exclusively with rat experiments and the theories based on them. 
“We have largely ignored the research on human verbal and motor learning. Our 
contention is that the same basic principles apply to all organisms that can learn, but 
whatever rewards and punishments occur in the human laboratory are currently difficult 
to identify and quantify. Accordingly the interested reader should view this book as à 
foundation for further study.” E 

After a brief discussion of the Law of Effect, and of classical conditioning, the authors 
summarize a large number of experiments and theories about incentives. Hull, Guthrie, 
Miller, Mowrer and Spence, are amongst the theorists discussed. 

In spite of the extreme degree of condensation required to bring together so much 
material in such a small space, the authors have produced a very readable boox, which 
will serve as a useful introduction to Behaviour Theory. '  G, C. GRINDLEY. 


Insight vs. Desensitization in Psychotherapy: An Experiment in Anxiety Reduction. By 


Gordon L. Paul. London: Oxford University Press (Stanford University Press). 
1966. Pp. 148. 4os. E 


This brief monograph reports on a comparison of the efficacy of treatment based on 
an "insight model of psychotherapy with that based on a "learning" model in reducing 
anxiety aroused by having to speak in public. The subjects were the 96 out of a group 
of 710 students enrolled in a public-speaking course at an American university, whose 
scores on personality and anxiety scales showed them to be the most disabled. The 
experimental design was a sophisticated one. The "learning" method — "modified 
systematic desensitization’’—achieved 100 per cent. success, the “insight” method an 
an "attention-placebo" method, both 47 per cent., and “no” treatment, 17 pet cent. 
The author has also provided a concise review of the recent literature and has some 
interesting things to say about the processes through which treatment produces benefit. 


D. Russet DAVIS: 


Determinants of Infant Behaviour III. Edited by B 3 ; 5 ;ord bY 
E . M. Foss. a Forewor 
John Bowlby. London: Methuen. 1965. "bp. xiii TA y 


This volume is based upon the proceedings of the 1 i avistock Study 
Group on Mother-Infant Interaction. It ers eal a [tor ai pepe ek studies 
bearing upon the central theme and includes some edited discussion. Professor Foss P 
some interesting things to say about theories of imitation and Professor Hinde is brie 
though to the point about monkey aunts. There is a lon r by Dr J. L. G 1 
(held over from the 1961 meeting) on smiling i E paper wv fact that this 


f n g in infants, but in view of the 
paper has also appeared in substantially the same form in. a volume published by 


Hebrew University of Jerusalem (reviewed in thi ++ might see? 
difficult to justify its tardy appearance here Sc END. I LA ea pee 


An Introduction to Psychopathology. Second Edition 


f London: 
Oxford University Press. 1966. 


By D. Russell Davis. 
Aiii ned H Pp. x + 158. 16s. a 
is is an entirely rewritten and greatly shortened i blishe! 
cu ve fa k first pub! i 
1957. Unfortunately, the compression is so severe that oo a Sate a didac ia 
at times almost authoritarian, tone, that accords ill with the author’s well-known toleranc 


to controversial issues. Among new topi ; 5 2 Ts [oso 
Mir UI. TUAE pics discussed e chrom 
abnormalities, minimal brain injury at or before birth, "he E donee bee This book 
should be very helpful to students of psychology seeking a brief account of current igne 
in psychopathology, though it should be borne in mind that the author's strongly ense 
mentalist approach is not everyone's cup of tea. o. 1.2 ANGWILE- 
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